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(54) PROJECTION TYPE ALIGNER 

(57)Abstract: 

PURPOSE: To perform exposing by setting each shot 
region, under an optimum condition, to the focusing 
surface of a projection type optical system, not 
depending on the surface condition (projected or 
recessed) of the shot region of a photosensitive 
substrate. 

CONSTITUTION: Position in the direction Z is detected 
at the measuring points P1 to P5 on the shot region of a 
wafer W and distribution of projected and recessed areas 
on the shot region is obtained from the detected result 
and known data of process structure. For instance, when 
a pattern of the narrowest line width is exposed to the 
pattern region 40B, a level difference (ZA-ZB) of the 
other region obtained with reference to that pattern 

region 40B is added as the offset to the height of the best focusing surface 42, considering the 
pattern region 40B as the reference surface for focusing. The pattern region 40B is focused to 
the best focusing surface 42 by setting the exposing surface to the focusing surface 42A after 
the addition. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection optics which projects a mask pattern on a photosensitive substrate, and the 
substrate stage which holds said substrate and positions said substrate in a flat surface perpendicular to 
the optical axis of said projection optics, The focal leveling stage which adjusts the height of the tilt 
angle of said substrate, and the direction of an optical axis of said projection optics of said substrate, The 
incident light study system which projects the image of the pattern for focal detection aslant to the 
optical axis of said projection optics using a nonphotosensitivity light to said photosensitive substrate on 
the measure point of the plurality in the exposure field by said projection optics, The light-receiving 
optical system which condenses the reflected light from said two or more measure points, and carries out 
re-image formation of the image of the pattern for the focal detection on said two or more measure 
points, Two or more photoelectrical detection means to generate the detecting signal corresponding to 
each amount of strike slips of two or more images in which re-image formation was carried out by this 
light-receiving optical system, In the projection aligner which has the control means which controls 
actuation of said focal leveling stage based on the detecting signal from these two or more 
photoelectrical detection means Each detecting signal of said photoelectrical detection means 
corresponding to said two or more measure points, And the projection aligner characterized by 
establishing an operation means to calculate the offset value for doubling the datum level of the focus on 
said substrate with the image surface by said projection optics independently for said two or more 
measure points of every, based on the process structure of the exposure side of said substrate. 
[Claim 2] Where the image of the pattern for said focal detection is projected into the exposure field by 
said projection optics from said incident light study system It asks for the detecting signal of said 
photoelectrical detection means to correspond, respectively in two or more measure points distributed 
the whole surface in said exposure field by driving said substrate stage and running said substrate. The 
detecting signal of said photoelectrical detection means in two or more measure points when said 
operation means is distributed all over said, And the projection aligner according to claim 1 
characterized by calculating the offset value for doubling the datum level of the focus on said substrate 
with the image surface by said projection optics independently for said two or more measure points of 
every based on the process structure of the exposure side of said substrate. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light used 
in case the image of the pattern for said focal detection is projected into the exposure field by said 
projection optics from said incident light study system into the flux of light which has the bandwidth of 
1 OOnm or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical 
filter for carrying out entropy of the wavelength sensibility property of the flux of light used on the 
optical path to [ out of said incident light study system ] said two or more photoelectrical detection 
means in case the image of the pattern for said focal detection is projected into the exposure field by said 
projection optics from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized by 
amending the desired value according to the height of the image formation side by said projection optics 
using the offset value independently calculated for said two or more measure points of every. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the projection aligner especially equipped with the 
focal detection equipment for focusing of a sensitization substrate about the projection aligner which 
imprints mask patterns, such as a circuit pattern, on the sensitization substrate. 
[0002] 

[Description of the Prior Art] Conventionally, with the projection aligner, in case projection exposure of 
the patterns (or photo mask etc.) of a reticle is carried out through the projection optics of high resolving 
power on sensitization substrates (a wafer, a glass plate, etc. with which the photoresist layer was 
applied), the activity which makes the exposure side of a sensitization substrate agree correctly in the 
image formation side of the pattern of a reticle, i.e., focusing, serves as an indispensable thing. In recent 
years, while the depth of focus of projection optics becomes narrow, the present condition is that the 
thing using i line with a wavelength of 365nm as illumination light for exposure is also obtained only for 
the depth of about **0.7 micrometers. Furthermore, for the projection visual field of projection optics to 
tend to increase every year, to continue all over a large exposure visual field (for example, 22mm angle), 
and to secure the big depth of focus as much as possible is desired. 

[0003] thus, in order to perform focusing good all over a large exposure visual field, make it any — it is 
required that both the surface smoothness of the subregion on the sensitization substrate which enters in 
the exposure visual field (shot field) and surface smoothness (namely, a curvature of field and an image 
surface inclination are small) of an image formation side should be good. Among these, although the 
place for which it depends on the optical-character ability of the projection optics itself about a curvature 
of field and an image surface inclination is large, the flatness of a reticle and parallelism may become a 
factor, on the other hand, although the display flatness of every subregion on a sensitization substrate, 
i.e., 1 time of a projection exposure field, (shot field) is boiled to that extent with a sensitization 
substrate and is different, when only a minute amount leans the electrode holder holding a sensitization 
substrate, it is possible to set up the front face and image formation side of a shot field on a sensitization 
substrate in parallel. 

[0004] Thus, as the technique of also taking into consideration the inclination of the front face of one 
shot field on a sensitization substrate, and performing focusing, the technique indicated by JP,58- 
1 13706,A, JP,55-1348,A, etc. is known. In JP,55-1348,A, the spot of a light beam is projected on four 
on a sensitization substrate especially through projection optics, and the technique of carrying out 
photoelectrical detection of the spot image by the reflected light, and performing focusing of a 
sensitization substrate and inclination amendment (leveling) is indicated. 

[0005] However, since the latest semiconductor device etc. accumulates the pattern of much complicated 
structure on a substrate and is manufactured, the surface smoothness of the exposure side on a 
sensitization substrate tends to worsen. Therefore, the condition of the irregularity in the shot field on a 
sensitization substrate is measured, and development of the technique of doubling the average field of 
that shot field with the image formation side by projection optics in consideration of this measurement 
result is performed. For example, it sets to JP,2-198130,A. Fix the location of the direction of an optical 
axis of the projection optics of a sensitization substrate, and the sensitization substrate is moved. By 
measuring the location (focal location) of the direction of an optical axis of projection optics in two or 
more measure points in the shot field on a sensitization substrate, and calculating the average of this 
measurement result The field location detection approach of calculating the offset value of the focal 
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location resulting from the structure of the pattern in the shot field or a difference of arrangement is 
indicated. By this approach, the average focal location in consideration of the irregularity in a shot field 
is measured by applying that offset value to the measurement result of the focal location in the measure 
point of each shot field, for example, a center. 
[0006] 

[Problem(s) to be Solved by the Invention] In the conventional projection aligner, the offset value of a 
focal location was calculated as mentioned above by equalizing the focal location measured in two or 
more specific measure points in a predetermined shot field. However, in fact, by process structures 
(arrangement, a level difference, etc. of a pattern), the condition of the irregularity of the exposure side 
of each shot field of a sensitization substrate is various, and cannot search for the configuration of the 
average field of each shot field correctly only by equalizing the focal location in two or more specific 
measure points. Therefore, there is un-arranging [ that the case where the average field of each shot field 
cannot be stored within the limits of the depth of focus to the image formation side of projection optics 
according to an exposure process if arrangement, a level difference, etc. of the pattern in each shot field 
on a sensitization substrate change arises ]. 

[0007] Moreover, even when it seemed that he wants the field where the average field of each shot field 
is not doubled with an image formation side, for example, a pattern with the narrowest line breadth is 
exposed in each shot field to focus preponderantly, it was difficult to double the field [ a field ] to make 
it focus preponderantly with an image formation side by the conventional approach. This invention does 
not depend on the condition of the irregularity of each shot field of a sensitization substrate in view of 
this point, but it aims at offering the projection aligner which can be exposed by doubling each shot field 
with the image formation side by projection optics in the optimal condition. 
[0008] 

[Means for Solving the Problem] The projection optics to which the projection aligner by this invention 
projects a mask pattern (R) on a photosensitive substrate (W) (PL), The substrate stage which holds the 
substrate and positions the substrate in a flat surface perpendicular to the optical axis (AX) of projection 
optics (PL) (21), The focal leveling stage which adjusts the height of the tilt angle of the substrate, and 
the direction of an optical axis of the projection optics (PL) of the substrate (20), The incident light study 
system which projects the image (ST) of the pattern for focal detection aslant to the optical axis (AX) of 
projection optics (PL) at two or more measure points (P1-P5) in the exposure field (SA) by projection 
optics (PL) using a nonphotosensitivity light to the photosensitive substrate (1-6), The light-receiving 
optical system which condenses the reflected light from the measure point of these plurality, and carries 
out re-image formation of the image of the pattern for the focal detection on the measure point of these 
plurality (7-10), Two or more photoelectrical detection means to generate the detecting signal 
corresponding to each amount of strike slips of two or more images in which re-image formation was 
carried out by this light-receiving optical system (15, 13, 17), In the projection aligner which has the 
control means (30 18) which controls actuation of a focal leveling stage (20) based on the detecting 
signal (FSa-FSe) from the photoelectrical detection means of these plurality The process structure of the 
detecting signal of a photoelectrical detection means in the measure point of these plurality to 
correspond, and the exposure side of a substrate (W) (arrangement a pattern) Based on a level difference 
etc., an operation means (30B) to calculate the offset value for doubling the datum level (40B) of the 
focus on a substrate (W) with the image formation side (42) by projection optics (PL) independently for 
every measure point of these plurality is established. 

[0009] In this case, where the image (ST) of the pattern for that focal detection is projected into the 
exposure field (SA) by projection optics (PL) from that incident light study system By driving a 
substrate stage (21) and running a substrate (W) It asks for the detecting signal of a photoelectrical 
detection means to correspond, respectively in two or more measure points distributed the whole surface 
in an exposure field (SA). An operation means (30B) The detecting signal of the photoelectrical 
detection means in two or more measure points distributed all over the, And it is desirable to calculate 
the offset value for doubling the datum level (40B) of the focus on the substrate with the image 
formation side (42) by projection optics (PL) independently for every measure point of these plurality 
based on the process structure of the exposure side of the substrate. 

[0010] Moreover, it is desirable to make the flux of light (IL) used in case the image (ST) of the pattern 
for focal detection is projected into the exposure field (SA) by projection optics (PL) from the incident 
light study system into the flux of light which has the bandwidth of lOOnm or more. Moreover, it is 
desirable to arrange the optical filter (60) for carrying out entropy of the wavelength sensibility property 
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of the flux of light used on the optical path to [ out of the incident light study system ] the photoelectrical 

detection means of these plurality in case the image (ST) of the pattern for focal detection is projected 

into the exposure field by projection optics (PL) from the incident light study system. 

[001 1] Furthermore, as for an operation means (30B), it is desirable to amend the desired value 

according to the height of the image formation side (42) by projection optics (PL) using the offset value 

independently calculated for every measure point of these plurality. 

[0012] 

[Function] According to this this invention, as shown, for example in drawing 8 (a), the image of the 
pattern for focal detection is projected on the measure point (P1-P5) of the plurality in the exposure field 
by the projection optics on a substrate (W). Re-image formation of these images is carried out by light- 
receiving optical system, and the detecting signal (FSa-FSe) corresponding to the amount of strike slips 
of the image by which re-image formation was carried out is outputted from a photoelectrical detection 
means (for example, pixel in the array sensor 15 of drawing 7 ). By the oblique incidence method, since 
the amount of strike slips of these images by which re-image formation is carried out is proportional to 
the location (focal location) of the direction of an optical axis of the projection optics (PL) of a 
corresponding measure point mostly, the focal location (these are set to Zl -Z5) of the measure point 
which corresponds from these detecting signals is called for. 

[0013] However, in fact, as shown in drawin g 8 (a), the pattern which is irregular with the exposure 
process till then etc. may be formed in the exposure side of a substrate (W). Moreover, when there is 
such irregularity and the field (for example, it turns out that it is the field which became depressed from 
the periphery) where a pattern with the narrowest line breadth is exposed is made into a field (40B), it is 
desirable to double this field (40B) with an image formation side (42). In this case, since the value (focal 
location) of the detecting signal measured, for example in the measure point (P3) is the smallest, it turns 
out that that measure point (P3) is on a field (40B). Then, let the detecting signal corresponding to the 
difference (ZA-ZB) of the height of the datum plane (40B) and other exposure sides (40A, 40C) be an 
offset value in other measure points (PI, P2, P4, P5) based on the data of a process structure as a datum 
plane of the focus on a substrate (W) by the field (40B). Moreover, the offset value in a measure point 
(P3) is 0. 

[0014] Then, if focus and leveling are performed based on the value which deducted the offset value 
from the detecting signal actually detected, for example, as shown in drawing 8 (b), datum level (40B) 
will focus to an image formation side (42). As two or more measure points (P1-P5) on a substrate (W) 
show drawing 5 , moreover, when [ of an exposure field (SA) ] mostly arranged on the diagonal line By 
scanning a substrate (W) in the predetermined direction (the direction of X) to the projection image of 
the pattern for the focal detection on these measure points (P1-P5), the detecting signal in the measure 
point of the exposure field (SA) mostly distributed over the whole surface is obtained. Therefore, even 
when complicated concavo-convex distribution is all over that exposure field (SA), let the detecting 
signal corresponding to the difference of the height of this datum level and other parts be an offset value 
in each measure point by making into datum level the predetermined part (for example, field where a 
pattern with the narrowest line breadth is exposed) of the front face of that concavo-convex distribution. 
Thereby, the datum level can be made to focus. 

[0015] Next, other examples of the procedure for performing the focus and leveling For example, in 
drawing 8 (a), it is first based on the detecting signal by the photoelectrical detection means, and a 
process structure. It is calculating the offset value according to the difference (ZA-ZB) of the height 
from datum level (40B) to other fields (40A, 40C), and adding this offset value to the level of the 
detecting signal according to the height of an image formation side (42). The field corresponding to this 
addition result turns into a field (42 A) as shown with a broken line. By controlling the height of a 
substrate (W) there with a least square method, so that the difference of the detecting signal and the 
detecting signal of a field (42 A) of each measure point (P1-P5) becomes min, as shown in drawing 8 (b), 
datum level (40B) focuses to an actual image formation side (42). 

[0016] Moreover, when the flux of light (IL) used in case the image (ST) of the pattern for focal 
detection is projected into the exposure field (SA) by projection optics (PL) from the incident light study 
system is made into the flux of light which has the bandwidth of lOOnm or more, the bad influence of 
thin film interference with the sensitive material (photoresist etc.) on a photosensitive substrate (W) etc. 
is mitigated. Moreover, on the optical path to [ out of an incident light study system ] the photoelectrical 
detection means of these plurality When the optical filter (60) for carrying out entropy of the wavelength 
sensibility property of the flux of light used in case the image (ST) of the pattern for height detection is 
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projected into the exposure field by projection optics (PL) from the incident light study system has been 
arranged Even if the optical intensity distribution for every wavelength of the illumination light for focal 
detection are uneven like drawing 15 (a) As shown in drawing 1 5 (d), the wavelength property of the 
detecting signal obtained from a photoelectrical detection means becomes flat by setting up permeability 
distribution of the optical filter (60) like drawing 1 5 (b), so that it may become a property almost 
contrary to the optical intensity distribution. Therefore, height detection can be performed correctly, 
without being greatly influenced by the signal of specific wavelength. 
[0017] 

[Example] Hereafter, with reference to a drawing, it explains per example of the projection aligner by 
this invention. Drawin g 1 is drawing showing the focal detection system of a TTL (through THE lens) 
method which detects the best focus side (image formation side) of projection optics among the 
projection aligners of this example. In drawing 1 , the reticle R by which pattern space PA of the circuit 
for real device manufacture was formed in the inferior surface of tongue is held at the non-illustrated 
reticle electrode holder. The optical axis AX of the projection optics PL which divided into the pre- 
group and the rear group across the drawing side (pupil surface) EP, and was expressed typically passes 
along the core of Reticle R, i.e., the core of pattern space PA, perpendicularly to the reticle pattern side. 
The Z-axis is taken in parallel with the optical axis AX, and a Y-axis is taken for the X-axis at right 
angles to the space of drawing 1 in parallel with the space of drawing 1 in a flat surface perpendicular to 
the Z-axis. 

[0018] Z and the leveling stage 20 which holds the wafer W with which the photoresist was applied 
under the projection optics PL are formed on X-Y stage 21 . Z and the leveling stage 20 control the tilt 
angle of Wafer W, and performs leveling while only a slight amount (for example, less than **100 
micrometers) moves Wafer W in the optical-axis AX direction and it performs focusing. Moreover, X-Y 
stage 21 carries out two-dimensional migration of the wafer W in XY flat surface perpendicular to an 
optical axis AX, and the coordinate of the direction of X of X-Y stage 21 and the direction of Y is 
always measured by the non-illustrated laser interferometer. 

[0019] Furthermore, the reference mark plate FM is being fixed to the top face of Z and the leveling 
stage 20 in the height location almost equal to the front face of Wafer W. The slit mark ISy of the 
structure which has arranged two or more transparency mold slits extended in the direction of X, 
respectively as shown in this reference mark plate FM at drawing 2 (a) at constant pitch in the direction 
of Y, the slit mark ISa extended aslant is formed in the direction which the direction of X and the 
direction of Y look like [ the slit mark ISx of the structure arranged at constant pitch in the direction of 
X ] two or more transparency mold slits extended in the direction of Y, respectively, receives, and 
becomes 45 degrees. These slit marks ISx, ISy, and ISa vapor-deposit a chromium layer (protection- 
from-light layer) all over the front face of the reference mark plate FM made from a quartz, and engrave 
it there as area pellucida. 

[0020] Under return and the reference mark plate FM (interior of Z and the leveling stage 20), the 
injection edge of a mirror Ml, the objective lens 50 for lighting, and an optical fiber 51 is prepared, it is 
condensed by drawing 1 with an objective lens 50, and the illumination light from the injection edge of 
an optical fiber 51 irradiates both the slit marks ISx, ISy, and ISa on the reference mark plate FM from a 
background at it. A beam splitter 52 is formed in incidence one end of an optical fiber 51, and the 
illumination light IE for exposure is introduced into an optical fiber 51 through a lens system 53. 
Although it is desirable to obtain from the light sources for the lighting of Reticle R (a mercury lamp, 
excimer laser, etc.) as for the illumination light IE, the light source of dedication may be prepared 
independently. However, when making it another light source, it is necessary to make it the illumination 
light of the same wavelength as the illumination light for exposure, or the wavelength very near it. 
[0021] Moreover, the lighting conditions of the reference mark plate FM by the objective lens 50 are 
doubled with the lighting conditions in the projection optics PL at the time of pattern projection as much 
as possible, namely, the numerical aperture (N.A.) of the illumination light by the side of the image of 
projection optics PL and the numerical aperture (N.A.) of the illumination light from the objective lens 
50 to the reference mark plate FM — about - it is made to do one Now, with such a configuration, if the 
illumination light IE is introduced into an optical fiber 51, from the slit marks ISx, ISy, and ISa on the 
reference mark plate FM, the image flux of light which carries out incidence to projection optics PL will 
occur. In drawing 1 , the location of the optical-axis AX direction of Z and the leveling stage 20 shall be 
set up so that the front face of the reference mark plate FM may be slightly located caudad from the best 
image formation side (conjugation side with a reticle) Fo of projection optics PL. It passes along the core 
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of the pupil surface EP of projection optics PL, after condensing in the field [ side / of Reticle R / 
pattern ] Fr below shifted slightly, it emits, and the image flux of light LI generated from one on the 
reference mark plate FM at this time returns the original optical path, after reflecting in respect of the 
pattern of Reticle R. Field Fr is optically located with the reference mark plate FM about projection 
optics PL here in a location [ **** ]. It returns so that the image flux of light from the slit marks ISx, 
lSy, and ISa of the reference mark plate FM may reflect regularly that projection optics PL is both-sides 
telecentric system on the inferior surface of tongue (pattern side) of Reticle R and it may superimpose on 
the slit marks ISx, ISy, and ISa again. 

[0022] However, if the reference mark plate FM has shifted from the image formation side Fo like 
dra win g 1 When the reflected image to which each slit marks ISx, ISy, and ISa faded is formed on the 
reference mark plate FM and the reference mark plate FM is in agreement with the image formation side 
Fo Field Fr will also be in agreement with the pattern side of Reticle R, and on the reference mark plate 
FM, the sharp reflected image of each slit marks ISx, ISy, and ISa will be overlapped on each mark, and 
will be formed. Drawing 2 (b) expresses typically the relation of the slit mark ISx and a reflected image 
IMx when the reference mark plate FM has defocused. It is projected on the both-sides tele cent slit 
mark ISx whose reflected image IMx is an own source in this way in the rucksack projection optics PL. 
And if the reference mark plate FM has defocused, a reflected image IMx will become larger than the 
geometry of the slit mark ISx, and the illuminance per unit area will also fall. 

[0023] Then, the flux of light of the image part which was not shaded by the original slit marks ISx, ISy, 
and ISa among the reflected images made on the reference mark plate FM is led to an optical fiber 51 
through a mirror Ml and an objective lens 50, and the flux of light injected from the optical fiber 51 is 
received by the photoelectrical sensor 55 through a beam splitter 52 and a lens system 54. The light- 
receiving side of the photoelectrical sensor 55 is arranged in the pupil surface (Fourier transform side) 
EP of projection optics PL, and the location [ **** / almost ]. In the configuration of drawing 1 , the 
contrast signal for determining the image formation side of projection optics PL can be acquired only by 
moving Z and the leveling stage 20 in the vertical direction (Z direction). 
[0024] Drawing 3 (a) and (b) express the signal level property of the output signal KS of the 
photoelectrical sensor 55, respectively, and an axis of abscissa expresses the location of the Z direction 
of Z and the leveling stage 20, i.e., the height location of the optical-axis AX direction of the reference 
mark plate FM. Moreover, drawing 3 (a) shows signal level when back projection of the slit marks ISx, 
ISy, and ISa is carried out to the chromium part within the pattern side of Reticle R, and drawing 3 (b) 
shows signal level when back projection of these slit mark is carried out to the square within a pattern 
side (transparence part), usually, the chromium part of a reticle is vapor-deposited by the glass (quartz) 
plate by the thickness of about 0.3-0.5 micrometers, and the reflection factor of a chromium part is alike 
[ from the reflection factor of a square ] with a natural thing, and large, however, the reflection factor in 
a square - perfect -- zero „**************- since - although it becomes quite small as signal level 
like drawing 3 (b), a square is also possible for detection. Moreover, generally, since the reticle for real 
device manufacture has the high pattern consistency, it is thought that there are very few probabilities 
which require all the back projection images of the slit marks ISx, ISy, and ISa for the square in a reticle 
pattern (transparence part) at coincidence. 

[0025] in the case of which, carry out - if it is moved in the direction of an optical axis AX so that the 
front face of the reference mark plate FM may cross the best image formation side Fo ~ location Z0 of a 
Z direction The level of an output signal KS serves as the maximal value. Therefore, the location and 
output signal KS of a Z direction of Z and the leveling stage 20 are measured to coincidence, the 
location of the best image formation side Fo can be found by detecting the location of a Z direction 
when the level of an output signal KS becomes the maximum, and, moreover, it becomes detectable [ the 
best image formation side Fo ] by this detection method in the location of the arbitration in Reticle R. 
Therefore, if Reticle R is set to the body side of projection optics PL, is clear and is, a focal location (the 
best image formation side Fo) is measurable absolutely in the location of the arbitration within a 
projection visual field at any time. Moreover, as stated previously, the chromium layer of Reticle R is 
0.3-0.5-micrometer thickness, if the detection error of the best image formation side Fo produced with 
this thickness sets the projection scale factor of projection optics PL to one fifth (contraction), it will 
become x(0.3-0.5) (1/5) two, i.e., 0.012-0.02 micrometers, and most this is the value which can be 

disregarded. „ , , ... ... f 

[0026] Next, although AF system (focal location detection system) of the oblique incidence light type ot 
this example is explained with reference to drawing 4 , a multipoint AF system shall be adopted here. 
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With a multipoint AF system, the point of measurement which measures a location gap (the so-called 
focal gap) of the direction of an optical axis of Wafer W is established in two or more [ in the projection 
visual field of projection optics PL ]. In drawing 4 , the nonphotosensitivity illumination light IL 
illuminates the slit plate 1 to the photoresist on Wafer W. And the light which passed along the slit of the 
slit plate 1 irradiates Wafer W aslant through a lens system 2, a mirror 3, diaphragm 4, the objective lens 
5 for floodlighting, and a mirror 6. If the front face of Wafer W is located in the best image formation 
side Fo of projection optics PL at this time, image formation of the image of the slit of the slit plate I 
will be carried out to the front face of Wafer W with a lens system 2 and an objective lens 5. Moreover, 
it is set up for about 5-12 degrees being in the include angle on the optical axis of an objective lens 5, 
and the front face of a wafer, and the core of the slit image of the slit plate 1 is located in the point that 
the optical axis AX of projection optics PL intersects Wafer W. 

[0027] Now, the flux of light of the slit image reflected with Wafer W carries out re-image formation of 
the slit image on the slit plate 14 for light-receiving through a mirror 7, the objective lens 8 for light- 
receiving, a lens system 9, the oscillating mirror 10, and a plane-parallel plate (plane parallel) 12. The 
oscillating mirror 10 makes the minute vibration of the slit image made on the slit plate 14 for light- 
receiving carry out in the direction which intersects perpendicularly with the longitudinal direction, and 
the plane parallel 12 shifts the slit on the slit plate 14, and the relative relation based on [ of the slit 
image by the reflected light from Wafer W ] oscillating in the direction which intersects perpendicularly 
with the longitudinal direction of a slit. And the oscillating mirror 10 vibrates by the mirror mechanical 
component (M-DRV) 1 1 driven with the driving signal from an oscillator (OSC) 16. 
[0028] In this way, if a slit image vibrates on the slit plate 14 for light-receiving, the flux of light which 
penetrated the slit plate 14 will be received by the array sensor 15. This array sensor 15 divides the 
longitudinal direction of the slit of the slit plate 14 into two or more minute fields, the light-receiving 
pixel according to individual is arranged for every minute field, and a silicon photodiode or a photo 
transistor is used as an optoelectric transducer, the signal from each light-receiving pixel of the array 
sensor 1 5 - the selector circuit 1 3 - minding - selection - or grouping is carried out and the 
synchronous-detection circuit (PSD) 17 is supplied. The AC signal of the same phase as the driving 
signal from an oscillator 16 is supplied to this synchronous-detection circuit 17, and synchronous 
detection is performed on the basis of the phase of this AC signal. 

[0029] In order to carry out the synchronous detection of each output signal of two or more light- 
receiving pixels with which the synchronous-detection circuit 17 was chosen from the array sensors 15 
at this time according to an individual, it has two or more detector circuits, and each of that detection 
output signal FS is supplied to the main control unit (MCU) 30. Each detection output signal FS is called 
the so-called S curve signal, when the slit core of the slit plate 14 for light-receiving and the oscillating 
core of the reflective slit image from Wafer W are in agreement, it serves as zero level, and while Wafer 
W is displacing from the condition to the upper part and forward level and Wafer W are displacing 
caudad, it is set to negative level. Therefore, the height location of the exposure side (for example, front 
face) of the wafer W in case the detection output signal FS is set to zero level is detected as a focusing 
point. However, guarantee that it is surely in agreement with the best image formation side Fo always 
does not have the height location of the wafer W which became a focusing point (the detection output 
signal FS is zero level) by such oblique incidence method. That is, guarantee that continue at a long 
period of time and it is in agreement although it is set up by imagination datum level and the best image 
formation side Fo so that the detection output signal FS from the synchronous-detection circuit 17 may 
be set to zero level when it has the imagination datum level decided by the system itself by the oblique 
incidence method and the exposure side of Wafer W is in agreement with the imagination datum level, 
and it may be in agreement as much as possible at the time of equipment manufacture etc. **s. Then, 
coincidence (or convention of physical relationship) with the imagination datum level and the best image 
formation side Fo can be aimed at by leaning the plane parallel 12 in drawing 4 under control by the 
main control unit 30, and making the variation rate of the imagination datum level carry out in the 
optical-axis AX direction. 

[0030] Moreover, the main control unit 30 inputs the output signal KS from the photoelectrical sensor 55 
of drawing 1 . The function which carries out the calibration of the multipoint AF system of an oblique 
incidence method, the function to set up the inclination of the plane parallel 12, The function which 
outputs a command signal DS to the mechanical component (Z-DRV) 18 which drives the motor 19 for 
a drive of Z and the leveling stage 20 based on each detection output signal FS of a multipoint AF 
system, And it has the function which controls the mechanical component (a motor and its control circuit 
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are included) 22 for driving X-Y stage 21. 

[003 1 ] Drawing 5 is drawing which looked at the physical relationship of the projection visual field If of 
projection optics PL, and slit image ST from a multipoint AF system on the front face of Wafer W. 
Generally the projection visual field If is circular, and the shot field SA where the pattern image of 
pattern space PA of Reticle R is projected serves as a rectangle contained in [ the ] circular, the X-axis 
which is also a migration axis of coordinates of X-Y stage 21, and a Y-axis boil slit image ST, 
respectively, it receives, is leaned about 45 degrees, and is projected on Wafer W. Therefore, the 
projection to the wafer W of both the opticals axis AFx of the objective lens 5 for floodlighting and the 
objective lens 8 for light-receiving is extended in the direction which intersected perpendicularly with 
slit image ST. Furthermore, it is determined that the core of slit image ST is mostly in agreement with an 
optical axis AX. With such a configuration, slit image ST is set up so that it may be extended in the shot 
field SA as for a long time as possible. 

[0032] Generally the circuit pattern which has irregularity according to the exposure process till then etc. 
is formed in the shot field SA. In this case, whenever it passes through the process of device 
manufacture, the variation of the condition of that irregularity may increase, and also in the longitudinal 
direction of slit image ST, the condition of that irregularity may change a lot. When arranging two or 
more chip patterns in one shot field especially, the scribe line for separating each chip pattern will be 
extended and formed in the direction of X, or the direction of Y in a shot field, and the level difference 
of 2 micrometers or more may arise in the case of being extreme, between the point on a scribe line, and 
the point on a chip pattern. Since the shot array on a design, the chip size in a shot, etc. show beforehand 
in which part in slit image ST a scribe line is located, it can be recognized the reflected light from any of 
a circuit pattern or a scribe line the reflected light from the part of the arbitration of the longitudinal 
direction of slit image ST is. 

[0033] Drawing 6 shows the condition of having separated the slit plate 14 for light-receiving, and the 
array sensor 15, and in this drawing 6 , on a glass substrate, the slit plate 14 vapor-deposits a chromium 
layer (light-shielding film) on the whole surface, and forms a transparent slit by etching at that part. This 
slit plate 14 is fixed on maintenance frame 14A, and on printed circuit board 15 A, such as ceramics 
which holds the array sensor 15 for this maintenance frame 14A, **** for example, of un-illustrating is 
used, and it fixes. The slit of the slit plate 14 becomes the array and parallel of the single dimension of 
the array sensor 15 of a light-receiving pixel, and is stuck by this. Thus, although it made it better for the 
slit plate 14 and the array sensor 1 5 to stick or approach as much as possible, they may establish an 
image formation lens system between the slit plate 14 and the array sensor 15, and may make conjugate 
optically the slit plate 14 and the array sensor 15. In addition, although the die length on the wafer W of 
slit image ST shown by previous drawing 6 changes also with diameters of the projection visual field If, 
when the diameter of the projection visual field If is around 32mm, it is desirable [ die length / the scale 
factor of projection optics PL is 1/5 (contraction), and ] to make it 1 time -1 of the diameter of the 
projection visual field If / about 3 times. 

[0034] Now, drawing 7 shows an example of the concrete circuitry of the array sensor 15, the selector 
circuit 13, the synchronous-detection circuit 17, and the main control unit 30, in this drawing 7 , the 
selector circuit 13 consists of five selector circuits 13A-13E, and the synchronous-detection circuit 17 
also consists of five synchronous-detection circuits 17A-17E. And the light-receiving pixel of the array 
sensor 15 is divided into five group Ga-germanium, and one light-receiving pixel is chosen from the 
inside of each group by the selector circuit 13, respectively. In this case, group Ga-germanium detects 
the slit image before and behind five measure points P1-P5 which met slit image ST of drawing 5 , 
respectively. Moreover, in the selector circuits 13A-13E, the detecting signal of the light-receiving pixel 
which receives the slit image on a measure point PI - P5 shall be chosen as an example here. 
[0035] Concretely, in the group Ga of the light-receiving pixel of the array sensor 15, two or more light- 
receiving pixels are contained, the light-receiving pixel which detects the image on a measure point PI 
within these light-receiving pixel by selector circuit 13A is chosen in drawing 7 , and the output signal 
of this light-receiving pixel is supplied to synchronous-detection circuit 17 A. In addition, selector circuit 
13 A chose as arbitration two adjoined in [ other than the function to choose one of the light-receiving 
pixels in Group Ga of arbitration and to send the output signal to synchronous-detection circuit 17A ] 
Group Ga, or three light-receiving pixels, and is equipped also with the function to send the signal 
adding those output signals to synchronous-detection circuit 17A. Similarly, the output signal from each 
light-receiving pixel in group Gb-germanium is also chosen within selector circuit 13B - 13E, 
respectively, and the selected output signal is supplied to the synchronous-detection circuits 17B-17E, 
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respectively. 

[0036] The synchronous-detection circuits 17A-17E receive the fundamental-wave AC signal from an 
oscillator 16, respectively, and output detection output signal FSa-FSe. These detection output-signal 
FSa-FSe is changed into digital data, respectively by analog-to-digital converter (ADC) 30A in the main 
control unit 30, and is supplied to amendment operation part 30B and deflection detecting-element 30C. 
While the data (the data of concavo-convex distribution of an exposure side and a concavo-convex level 
difference are included) about the process structure of the wafer concerned are also supplied from 
exposure process-data storage section 30F, the offset value for signal proofreading is also supplied to 
amendment operation part 30B from storage section 30D. And as an example, based on the value of 
focal gaps of five detection output signals, i.e., the amount of five on a wafer, the data about a process 
structure, etc., amendment operation part 3 OB computes the detection output value corresponding to the 
target position in the Z direction of each measure point on a wafer, and supplies the value to deflection 
detecting-element 30C. This deflection detecting-element 30C detects the deflection of the output value 
from amendment operation part 30B, and the detection output value from ADC30A, and supplies the 
command signal DS which lessens this deflection to the mechanical component 18 of drawing 4 . 
[0037] More concretely, a mechanical component 18 is controlled by deflection detecting-element 30C 
with a least square method so that the sum of squares of the deflection of the detection output signal and 
detection output signal FSa-FSe from ADC30A which are made into the target from amendment 
operation part 30B, for example becomes min. Thereby, the location of the Z direction of Z and the 
leveling stage 20 and a tilt angle are controlled, and a focus is performed so that the average field of the 
measure points P1-P5 of drawing 5 may agree in the image formation side of projection optics PL. 
[0038] In addition, in drawing 5 , since measure points P1-P5 are arranged on 1 straight line, the tilt 
angle controlled is only a tilt angle centering on a straight line perpendicular to slit image ST on the 
front face of Wafer W. for controlling the biaxial surrounding tilt angle biaxial and the front face on 
Wafer W cross at right angles — these measure points P1-P5 — two-dimensional - arranging (for 
example, it forming so that two or more pattern images may be put in order in parallel or it may be made 
to cross mutually) ~ or what is necessary is to scan the shot field SA on Wafer W in the predetermined 
direction to slit image ST like the after-mentioned, and just to measure height distribution on the whole 
surface of the shot field SA 

[0039] Moreover, in drawing 7 , the offset value beforehand memorized by storage section 30D is 
measured by calibration- value decision section 30E, and is computed, and calibration- value decision 
section 30E asks for the deflection of the imagination datum plane and the imagination best focus side 
Fo of a multipoint AF system as a deflection electrical potential difference from the zero level on a 
detection output from the output signal KS of five detection output signal FSa-FSe and the 
photoelectrical sensor 55. In calibration-value decision section 30E, an analog-to-digital converter, wave 
memory, etc. for carrying out the digital sampling of each level and Signal KS (referring to drawing 3 ) 
of five detection outputs at coincidence are contained. 

[0040] With reference to drawing 9 , the concrete example of a configuration of calibration-value 
decision section 30E is explained here. First, absolutely, the output signal KS from the photoelectrical 
sensor 55 of a focal detection system is inputted into an analog-to-digital converter (ADC) 300, is 
changed into the digital value corresponding to the signal level of a TTL (through THE lens) method, 
and is memorized by RAM301 as memory. Although addressing of this RAM301 is performed by the 
counter 304, each of counting of a counter 304 and conversion timing of ADC300 synchronizes with a 
clock pulse from a clock generator (CLK) 303. Similarly, one of the five detection output-signal FSa- 
FSe is supplied to ADC305 through a selecting switch 308, and the digital value changed here is 
memorized by RAM306 addressed by the counter 307. Therefore, the wave which changes in time [ one 
detection output signal which output-signal-KS(ed) and was chosen as RAM301,306, respectively ] is 
incorporated. The wave in these RAM301,306 is used as processed data at the time of performing 
smoothing, maximal value detection, etc. in the data-processing section 310. 

[0041] In addition, the data-processing section 3 1 0 outputs the driving signal for moving the core of the 
slit marks ISx, ISy, and ISa of drawing 2 (a) to the location of each measure point of a multipoint AF 
system to the mechanical component 22 for the X-Y stages of drawing 4 while outputting the signal for 
controlling the uniform migration to the Z direction of Z and the leveling stage 20 to a mechanical 
component 1 8, in order to incorporate a signal wave form to RAM301 ,306. 

[0042] Drawing 10 (a) shows the change property of one detection output signal FS, and when it is fixed 
within the limits which includes a best focus side in a Z direction and uniform migration of Z and the 
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leveling stage 20 is carried out, it corresponds to the data point stored in RAM306. Moreover, d rawin g 
10 (b) expresses the wave of the signal KS then stored in RAM301 . Since a synchronous-detection 
signal becomes a wave almost symmetrical with a point centering on a zero point, about the data of 
negative level smaller than a zero point, it also takes negative level into consideration and analog-to- 
digital conversion is carried out. 

[0043] It is Tl the time of the data-processing section 310 analyzing the wave, since the wave of the 
signal KS which takes the maximal value shown in drawing 10 (b) in RAM301 of drawin g 9 was stored 
in the address corresponding to time amount t, and the maximum point being acquired. It asks. Next, the 
data-processing section 310 is Tl at the time in RAM306. It asks for the corresponding address point 
and level deltaFS of the detection output signal FS memorized by this address point is calculated. In the 
point of measurement of the multipoint AF system which this level deltaFS is the offset voltage from the 
zero point on the detection output signal FS, and generates a detection output like this drawing 10 (a), 
when the wafer front face in that point of measurement is moved to a Z direction so that a detection 
output may be set to +deltaFS, that wafer front face and best focus side Fo will agree. 
[0044] By the way, when using the circuit of drawin g 9 , X-Y stage 21 of drawing 4 is moved, and it is 
positioned so that the core of the slit mark on the reference mark plate FM may come to any one location 
of each point of measurement of a multipoint AF system. The positioning does not need to be so strict 
and the point of measurement and the slit mark center of group of a multipoint AF system may shift in 
the direction of X, and the direction of Y around 100 micrometers. Therefore, if the point of " 
measurement P1-P5 of a multipoint AF system, i.e., the point of measurement in slit image ST shown in 
drawing 5 , is decided, while shifting the location of a slit mark group in the direction of X, and the 
direction of Y in about **100 micrometers centering on those point of measurement, it may shake at a Z 
direction and you may ask for the coordinate location where the peak of Signal KS becomes to some 
extent large, moreover, although this is very small probable, all the slit mark groups are in agreement 
with the transparency section of Reticle R - being inconvenient (fall of the SN ratio of Signal KS) - it is 
for if possible avoiding. However, when performing proofreading actuation at a high speed, even if it 
does not search the coordinate location where the peak of a signal becomes large, it is possible to 
calculate offset value deltaFS in an almost equivalent precision, moreover, the offset value ~ each point- 
of-measurement PI - it asks for every P5. 

[0045] Thus, offset value BFa-BFe, the value, i.e., the best image formation side, of detection output 
signal FSa-FSe in case each measure points P1-P5 of drawing 5 agree in the location of the best image 
formation side by projection optics PL in a Z direction, respectively, is calculated. In drawing 5 , also in 
case a detection output signal is searched for in the measure point which scans the shot field SA to slit 
image ST for example, in the direction of X, and is distributed all over the shot field SA, the offset value 
in each measure point is which value in offset value BFa-BFe which made such and was calculated. 
[0046] Next, with reference to drawing 5 , drawing 8 , drawing 1 1 , and drawing 12 , it explains per 
example of the focus and exposure actuation in this example. In this case, offset value BFa-BFe of an 
image formation side to the imagination datum level of the value of detection output signal FSa-FSe at 
the time of making each measure points P1-P5 of drawing 5 focus to the image formation side of 
projection optics PL, respectively, i.e., a multipoint AF system, shall be beforehand measured as a 
premise. In addition, if the angle of rotation of the plane parallel 12 of drawing 4 is adjusted, since these 
offset value BFa-BFe can be set to about 0, these offset value BFa-BFe is a value near 0 also here. 
Moreover, the run side of the Z and the leveling stage 20 at the time of driving X-Y stage 21 and the best 
image formation side of projection optics PL consider substantially that it is parallel. 
[0047] First, in step 101 of drawing 1 1 , as an X-Y stage is driven and it is shown in drawing 5 , it 
moves in the center section of the shot field SA for measurement (candidate for exposure) on the 
projection field of slit image ST from an oblique incidence multipoint AF system. Then, in step 102, an 
automatic focus is performed in the measure point P3 of the core of slit image ST. That is, the height of 
the Z direction of Z and the leveling stage 20 is adjusted so that the detection output signal FSc 
corresponding to a measure point P3 may become the offset value BFc of the best image formation side, 
and Z and the leveling stage 20 are locked in this condition. Therefore, the height of Z and the leveling 
stage 20 and a tilt angle are fixed until measurement is completed after this. Thus, an automatic focus is 
once performed for preventing that distribution of the irregularity in the shot field SA separates from the 
detection range of a multipoint AF system. 

[0048] However, in this example, when the flat surface used as datum level is located in the interior of 
shot field SA, or near instead of performing an automatic focus in the measure point P3 of the core of 
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slit image ST in step 102, an automatic focus may be performed at this flat surface. The measure point at 
this time does not need to be P3, and may choose the measure point nearest to this flat surface. 
Moreover, you may make it determine the measure point which should perform an automatic focus using 
an exposure process data. In short, it is not necessary to be a measure point P3, and when scanning a 
wafer by slit image ST of a multipoint AF system, it is good, if the amount of gaps of the focal location 
detected by the multipoint AF system does not separate from the detection range (decided by S curve) 
even if it is a point of what in the scanning zone. 

[0049] Next, in step 103, X-Y stage 21 is driven, after making the measurement starting position SB of a 
near side move in the direction of -X of slit image ST in the shot field SA as shown in drawing 5 , in 
step 104, X-Y stage 21 is driven, the shot field SA is scanned in the direction of X to slit image ST, and 
each detection output signal FSa-FSe is stored in the memory in amendment operation part 30B. Under 
the present circumstances, since the coordinate of X-Y stage 21 is measured by the laser interferometer, 
it should just store sequential detection output signal FSa-FSe in the address corresponding to the 
coordinate measured with a laser interferometer within that memory. Then, in step 105, the process level 
difference in the shot field SA is classified based on obtained detection output signal FSa-FSe (it is the 
signal of time series, respectively). 

[0050] Concretely, drawing 8 (a) shows a certain cross section in that shot field SA on Wafer W, and 
measure points P1-P5 are set up on this cross section. In addition, the photoresist is omitted although the 
photoresist is applied on Wafer W in fact. In drawing 8 (a), if each measure points P1-P5 come on the 
imagination datum level 41 of a multipoint AF system, corresponding detection output signal FSa-FSe 
will be set to 0, respectively. Moreover, the best image formation side 42 of projection optics PL is made 
into a certain thing from which it has separated the grade from the imagination datum level 41 . In this 
case, on Wafer W, the circuit pattern of two or more layers is already formed, and that front face serves 
as irregularity according to it. Therefore, if the detection output signal acquired in each measure points 
P1-P5 is made into FSa-FSe, the value of these detection output signal is also a value according to the 
irregularity. 

[0051] For example, if measure points PI and P2 shall be located on pattern space 40 A of the heights on 
Wafer W, a measure point P3 shall be located on pattern space 40B of a crevice and measure points P4 
and P5 shall be located on pattern space 40C of heights, the value of the detection output signal FSc in a 
measure point P3 will become the smallest. Amendment operation part 30B of drawing 7 of this 
example searches for concavo-convex distribution of the shot field concerned using this by asking for 
the difference of the detection output signal corresponding to the adjoining measure point. Moreover, to 
amendment operation part 30B, since the data about a process structure are also supplied from exposure 
process-data storage section 30F, amendment operation part 30B can discriminate the pattern spaces 
40A-40C in which measure points P1-P5 are located from the comparison with the process structure 
from the concavo-convex distribution searched for as mentioned above. 

[0052] Thereby, it is distinguished to any each pattern spaces 40A-40C shall belong between the 
memory cell section, the circumference circuit section (logic section), or a scribe line. Moreover, 
amendment operation part 3 0B is the level difference ZA of each pattern spaces 40 A and 40C, and the 
level difference ZB of pattern space 40B from the supplied data. It can recognize. Although these level 
differences are the height from a part without the circuit pattern of Wafer W, only the difference of these 
level differences poses a problem like the after-mentioned. 

[0053] moreover, the difference during said adjoining measure point - the level difference by the 
difference in the pattern consistency in each level difference field etc. can be known from the level 
difference information acquired with data by asking for distribution etc. about the detection output signal 
in each level difference field (dispersion). It can also ask for the measure point stabilized before and 
after measure points P1-P5 by this. Next, in step 106, the field of a part [ a part ] to make it focusing on 
the shot field SA is determined as focus datum level. For example, let pattern space 40B be focus datum 
level in drawing 8 (a) as that by which a pattern with the narrowest line breadth is exposed on pattern 
space 40B in which a measure point P3 is located. However, it is possible also when making the largest 
(area is large) pattern space (for example, pattern space 40A) in the shot field SA into focus datum level. 
What is necessary is for a focus datum plane to follow, and to choose and just to determine it as the 
priority (for it to become settled according to pattern line breadth, a pitch, etc.) of the focus for every 
pattern space in a shot field. 

[0054] Then, it asks for offset value delta a-delta e to detection output signal Fa-Fe in measure points 
PI -P5 in step 1 07. In drawing 8 (a), when the transform coefficient to the variation rate from a detection 
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output signal to a Z direction is set to k, offset value deltac to the detection output signal Fc in the 
measure point P3 on pattern space 40B which is focus datum level is 0. Moreover, the offset values delta 
a, delta b, delta d, and delta e over the detection output signals Fa, Fb, Fd, and Fe in measure points PI , 
P2, P4, and P5 are set to /k, respectively (ZA-ZB). 

[0055] Next, in step 108, amendment operation part 30B adds offset value delta a-delta e for which 
offset value BFa-BFe of the detection output signal in the best image formation side 42 of drawing 8 (a) 
was asked at step 107. This is equivalent to changing into best image formation side 42A containing an 
imagination level difference as shows the best image formation side 42 shown as a continuous line by 
the dotted line, and makes pattern spaces 40A-40C focus to the imagination best image formation side 
42A. 

[0056] That is, in step 109, amendment operation part 30B supplies the detection output signal of 
imagination best image formation side 42A, i.e., (BFa+deltaa), (BFe+deltae) to deflection detecting- 
element 30C. Moreover, detection output signal Fa-Fe corresponding to the actual pattern spaces 40A- 
40C is supplied to deflection detecting-element 30C on real time. Then, deflection detecting-element 
30C supplies a driving signal with which the sum of squares of deflection with offset - (BFe+deltae) and 
value (BFa+deltaa), and detection output signal Fa-Fe becomes min using a least square method as 
opposed to the mechanical component 1 8 Z and for leveling stage 20. Thereby, as shown in drawing 8 
(b), pattern space 40B which is focus datum level agrees in the actual best image formation side 42. 
Then, a pattern with the narrowest line breadth is exposed in high resolution by exposing at step 110. 
[0057] You may make it shift focus datum level to a Z direction seemingly, when offset value delta a- 
delta e can exceed the depth of focus in the above-mentioned step 107 although pattern spaces 40 A and 
40C other than pattern space 40B are set up in the depth of focus of projection optics at this time so that 
weighting may be performed for example, to offset value delta a-delta e and pattern spaces 40A and 40C 
may enter in the depth of focus. This is applicable also when the whole surface of a shot field is 
contained in the depth of focus. Moreover, focus datum level (pattern space 40B) may be shifted so that 
pattern spaces 40A and 40C may enter in the width of face of the depth of focus simply. 
[0058] In addition, in the above-mentioned example, since it was the method which compares desired 
value with an actual detection output signal by deflection detecting-element 30C as shown in drawing 7 , 
offset value delta a-delta e of a level difference was added to the best image formation side 42 which is 
desired value. However, what is necessary is just to deduct these offset value delta a-delta e from an 
actual detection output signal, when taking the method which carries out offset amendment to an actual 
detection output signal in drawing 7 , and is supplied to deflection detecting-element 30C. 
[0059] In addition, the detection output signal in the measure point distributed all over the shot field SA 
of drawing 5 is acquired in fact, and concavo-convex distribution on the whole surface of the shot field 
SA is identified. However, the detection output signal supplied on real time from ADC30A in drawing 7 
is only a detection output signal of five on slit image ST of drawing 5 . Moreover, amendment of the 
surrounding tilt angle of a shaft parallel to slit image ST only by using the data on slit image ST cannot 
be performed. Then, amendment of the tilt angle of the surrounding wafer W of a shaft parallel to the slit 
image ST is performed with open-loop as an example. That is, by scanning the shot field SA to slit 
image ST, as shown in drawing 8 (a), the imagination detection output signal of best image formation 
side 42A and the detection output signal in an actual pattern space are searched for. Then, beforehand, it 
asks for the controlled variable of the mechanical component 18 of drawing 4 , and the relation of the tilt 
angle of Z and the leveling stage 20, and only the amount which negates the difference of the detection 
output signal in an actual pattern space and the detection output signal of imagination best image 
formation side 42 A controls the tilt angle of Z and the leveling stage 20. The pattern space by which the 
pattern with the narrowest line breadth distributed all over the shot field SA of drawing 5 is exposed by 
this by open loop control focuses to the best image formation side of projection optics PL as a whole. 
[0060] In addition, as step 104 A shows, whenever it makes stepping of X-Y stage 21 carry out in the 
direction of X at constant pitch and the X-Y stage 21 stops, you may make it store detection output 
signal Fa-Fe in MOMERI at the constant pitch in step 104 of drawing 1 1 . It is effective in the effect of 
fluctuation of the air accompanying a motion of X-Y stage 21 being reduced by this approach. 
[0061] Moreover, instead of actuation of step 101-102 of drawing 1 1 , even if [ like steps 1 1 1 and 1 12 of 
drawin g 12 ], it is good. That is, at this step 111, X-Y stage 21 is driven first, and as shown in drawin g 
5 , the shot field SA is moved to the measurement starting position SB. Then, in step 1 12, an automatic 
focus is performed in the measure point P3 of the center of slit image ST of drawing 5 , and the focal 
location of Z and the leveling stage 20 is locked. Then, it shifts to step 104 of drawing 1 1 , or 104A, and 
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the detection output signal in the whole surface of the shot field SA is sampled. Subsequent processing is 
the same as actuation of drawin g 1 1 . In the sequence of this drawin g 12 , there is no futility in actuation 
of the wafer stage 21 , and measurement is performed efficiently. 

[0062] In addition, in the above-mentioned example, it was considered that the run side of the Z and the 
leveling stage 20 at the time of driving X-Y stage 21 in drawin g 4 and the best image formation side of 
projection optics PL were almost parallel. On the other hand, when the run side of Z and the leveling 
stage 20 and the image formation side of projection optics PL are not parallel, the following amendment 
actuation is needed. That is, it is made to have in the memory in amendment operation part 30B by 
making deflection (an image surface inclination, curve, etc.) of the run side of the Z and the leveling 
stage 20 when driving X-Y stage 21, and the image formation side of projection optics PL into an 
equipment constant. Since the detection output signal searched for by the approach of step 104 of 
drawing 1 1 in this case shows the measurement result on the basis of the run side of Z and the leveling 
stage 20, it should just add the amount of deflection with the image formation side memorized as an 
equipment constant to that measurement result. 

[0063] Moreover, although concavo-convex distribution is searched for in one shot field SA on Wafer W 
in the above-mentioned example as shown in drawing 5 , the concavo-convex distribution in each shot 
field on a wafer may be searched for from the comparison with the result and process structure which 
performed the same measurement, equalized the acquired detection output signal, and were equalized 
and obtained in some of (one or more) other shot fields on Wafer W. Thereby, the effect of the spreading 
unevenness of a photoresist etc. is mitigated. 

[0064] Next, although location detection of a Z direction was performed in the shot field SA 
predetermined [ on Wafer W ] in the above-mentioned example as shown in drawin g 5 , location 
detection of a Z direction may be performed all over Wafer W in the pitch of 1 for an integer of the array 
pitch of for example, a shot field, concrete - the array pitch to the direction of X of a shot field - PX it 
is „ if - spacing of focal location measurement in the direction of X serves as PX/N using two or more 
integers N. At this time, output change of the detection output signal from a multipoint AF system is 
repeated the same period as the array pitch of a shot field. 

[0065] In this case, when foreign matters, such as dust, are in the exposure side of a wafer or a wafer has 
form status change-ization by curvature etc., output change of the multipoint AF system in that shot field 
differs from output change in other shot fields. Then, it is desirable to compute independently the 
amount of offset of the detection output signal over focus datum level to the shot field where the 
deflection from the average of the value which sampled the detection output signal with the period 
corresponding to the array pitch of a shot field has become beyond a predetermined ** value. Moreover, 
to the shot field where the effect of such a foreign matter, curvature, etc. is expressed, assistant 
processing (operator call) etc. may be processed as warning or an error. 

[0066] Next, in the above-mentioned example, the location (focal location) of the Z direction of the 
exposure side of Wafer W is measured from the detection output signal FS which changes in the shape 
of an S curve. The curve 44 of drawing 13 showed an example of that detection output signal FS, and 
was asking for the location of a Z direction from the detection output signal FS in this drawing 13 using 
the section which can be mostly approximated in a straight line 45 among curves 44 conventionally. 
However, now, there is un-arranging [ that the location detection range of a Z direction is narrow ]. 
Then, in order to make the location detection range large, it is desirable to make memory memorize the 
detection output signal FS when moving Z and the leveling stage 20 of drawing 4 to a Z direction by 
migration pitch deltaZ (for it to measure about each of FSa-FSe in fact), namely, to ask for the curve 44 
of drawing 13 in approximation. In this case, the value of the detection output signal FS is memorized to 
the location of a Z direction. 

[0067] And if the value of the detection output signal FS is Vi in case location measurement of a Z 
direction is actually performed, it is the location Zi of a curve 44 to a Z direction. It asks correctly. On 
the other hand, when a curve 44 is approximated in a straight line 45, a detection output signal is Vi. The 
location of the Z direction at the time is Zh. It becomes and an error arises. Next, based on the actual 
measurement result, the tilt angle of Z and the leveling stage 20 is controlled by the above-mentioned 
example. However, since the tilt angle to the run side of X-Y stage 21 of the image formation side of 
projection optics PL is known beforehand, the tilt angle may be performed beforehand on Z and the 
leveling stage 20. Thereby, when location detection of a Z direction is performed by the multipoint AF 
system, the amount of gaps of a tilt angle decreases and the offset value computed for every measure 
point becomes small. Therefore, while the time amount which a focus takes is shortened, focus precision 
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also improves. 

[0068] Moreover, in the above-mentioned example, the tilt angle of the plane parallel 12 arranged at the 
light-receiving system of a multipoint AF system as shown in drawing 4 can adjust now the physical 
relationship of the imagination datum level of a multipoint AF system, and the best image formation 
side. It means that the offset value in which this appears common to detection output signal FSa-FSe is 
also removable with the tilt angle of the plane parallel 12. 

[0069] However, since there are few amounts of amendments what formed the plane parallel 1 2 only in 
the light-receiving system side, plane parallel may be arranged also to a light transmission system side. 
Thus, by amending an image formation location by the plane parallel of two sheets, the amount of 
amendments of an image formation location can be enlarged. And a location gap of the light-and- 
darkness pattern on a wafer can also be amended by putting in and amending plane parallel to the both 
sides of a light transmission system and a light-receiving system. 

[0070] In addition, if plane parallel is arranged in the light transmission system of a multipoint AF 
system, for example, common offset amendment is performed using this plane parallel at step 109 of 
drawing 1 1 , a location gap of slit image ST on Wafer W will arise in the time of measuring a detection 
output signal at step 104, and the time of measuring a detection output signal at step 109. Then, what is 
necessary is to measure beforehand the amount of location gaps of slit image ST on the wafer W to the 
tilt angle of plane parallel, and just to amend the amount of offset added to the offset value of the best 
image formation side at step 109 corresponding to each measure point based on that amount of location 
gaps measured beforehand, in order to reduce the effect of this location gap. 
[0071] Next, in the above-mentioned example, as shown in drawing 5 , slit image ST for location 
detection of a Z direction is aslant projected in the direction of the diagonal line to the shot field SA on 
Wafer W, and five on this slit image ST are chosen as measure points P1-P5. On the other hand, as 
shown in drawing 14 , on the shot field SA, the measure points PI 1, PI 2, — , P74 of N individual (at 
drawi n g 14 , N is 25) may be set up in the direction of X, and the direction of Y two-dimensional in a 
predetermined pitch, and the pattern image for focal detection may be projected at these measure points, 
respectively. In this case, when the number of the photo detector (light-receiving pixel) which receives 
each pattern image also turns into the same number as a measure point, for example, it adopts a 
synchronous-detection method, it is difficult to process the photo-electric-conversion signal of the 
pattern image from all measure points in parallel. Using the selector circuits 13A-13E as shown in 
drawing 7 , every five photo-electric-conversion signals are chosen from the photo-electric-conversion 
signal of these N individual, and it may be made to perform a synchronous detection there in time 
sharing. Circuitry is simplified by such time-division system. 

[0072] Moreover, you may make it project aslant the pattern image of the shape of a grid of a 
predetermined pitch on a wafer instead of projecting a slit image, although focal detection is performed. 
In this case, using the reflected light from that wafer, re-image formation of the pattern image of the 
shape of that grid is carried out on an image sensor two-dimensional [, such as two-dimensional CCD, ], 
and the amount of location gaps to the Z direction in respect of exposure of the wafer which corresponds 
from the amount of strike slips of the image by which re-image formation was carried out is calculated. 
[0073] Moreover, the method which projects a slit image, for example, detects the location of the pattern 
image on a 1 -dimensional line sensor by which re-image formation was carried out, and calculates the 
amount of location gaps to a Z direction may be used. What is necessary is not to prepare the plane 
parallel for calibrations and just to use always electric offset by this method. Although what is necessary 
is just to set at least one measure point as each of at least two pattern spaces (a scribe line etc. is 
included) from which the height in a shot field differs Or it processes weighted average-ization. for 
example, the time of setting two or more measure points as each pattern space, and asking for offset 
value delta a-delta e — every field — two or more of the measurement values — statistics processing or 
equalization ~ At the time of automatic focus actuation, the offset searched for is given for every field at 
one measure point, and you may make it use the detection output signal in the measure point. What is 
necessary is in short, not to perform automatic focus actuation which does not need to search for the 
offset for every measure point, and doubles a shot side and an image formation side altogether in each of 
two or more measure points, to search for the offset in at least one measure point for every pattern space, 
and just to perform automatic focus actuation using the measure point concerned, when two or more 
measure points are in one pattern space. 

[0074] Next, by AF system (focal location detection system) of the oblique incidence method shown in 
drawin g 4 of the above-mentioned example, the light of a nonphotosensitivity or photosensitive weak 



http : //www4 . ipdl . ncipi . go . j p/cgi -bin/tranjwebcgiej j e 



12/19/2006 



JI\()8-037149,A [DETAILED DESCRIPTION] 



Page 14 of 15 



wavelength region is used to the photoresist on Wafer W as illumination light IL for focal detection. 
Furthermore, in a photoresist, since the thin film interference by the flux of light which carries out 
incidence arises, when especially the flux of light is the homogeneous light, the luminous intensity 
reflected with the thickness of the photoresist may become quite weak. So, in order to mitigate the bad 
influence of the thin film interference, it is desirable to use the flux of light which has the bandwidth of 
lOOnm or more as the illumination light IL. As illumination light IL, it was concretely chosen from the 
flux of light irradiated from a halogen lamp with the wavelength selection filter, for example, the flux of 
light of a 700nm - about 900nm wavelength region can be used. Moreover, the 700nm - about 900nm 
illumination light of the area within wavelength from light emitting diode may be used. Furthermore, it 
is good also considering two or more homogeneous lights which mix the flux of light from two or more 
semiconductor laser components, and are acquired, for example as illumination light IL. 
[0075] However, uniformly [ distribution of the optical reinforcement to wavelength ], when a 
predetermined wavelength region or two or more waves of flux of lights are used as illumination light 
IL, when the optical reinforcement of specific wavelength is strong, there is a possibility that it may be 
influenced of thin film interference on the specific wavelength. So, in order to avoid it, as shown in 
drawing 4 , it is desirable to arrange the light filter plate 60 for equalizing distribution of the photo- 
electric-conversion signal over wavelength in front of the array sensor 15 of AF system. In addition, the 
light filter plate 60 may be arranged in any location between the light sources and the array sensors 1 5 
which are not illustrated [ which generate the illumination light IL ]. 

[0076] With reference to drawing 15 , it explains per example of the property of the light filter plate 60 
concretely. First, suppose that it is a crest type as distribution of the optical reinforcement LE to the 
wavelength lambda of the illumination light IL (lambda) shows drawing 15 (a). In this case, distribution 
of the permeability T to the wavelength lambda of the light filter plate 60 (lambda) is mostly set as a 
trough type, as shown in drawing 15 (b). However, permeability T (lambda) is amended in consideration 
of the wavelength sensibility property in the array sensor 15. 

[0077] That is, the detection sensitivity (an output signal / optical reinforcement which carries out 
incidence) PSV (lambda) to the wavelength lambda in the array sensor 15 shall serve as an upward slant 
to the right, for example, as the dotted line of drawing 15 (c) shows. In this case, since distribution of the 
optical reinforcement LR to the wavelength lambda of the flux of light which passes the light filter plate 
60 and is received by the array sensor 1 5 (lambda) is the product of the optical reinforcement LE 
(lambda) and permeability T (lambda), distribution of that optical reinforcement LR (lambda) sets 
distribution of permeability T (lambda) that the lower right serves as the property of ** somewhat like 
the continuous line of drawing 15 (c). Since the photo-electric-conversion signal SR (lambda) outputted 
from the array sensor 15 to the flux of light of wavelength lambda at this time is the product of detection 
sensitivity PSV (lambda) and the optical reinforcement LR (lambda), as shown in drawing 15 (d), it 
serves as an almost flat property to wavelength lambda. Thereby, the bad influence of the thin film 
interference in a photoresist can be reduced, and level difference measurement of the front face of a 
wafer can be carried out to stability. 

[0078] In addition, as for this invention, it is needless to say that configurations various in the range 
which is not limited to the above-mentioned example and does not deviate from the summary of this 
invention can be taken. 
[0079] 

[Effect of the Invention] Each detecting signal [ according to this invention ] of the photoelectrical 
detection means corresponding to two or more measure points, And since an operation means to 
calculate the offset value for doubling the datum level of the focus on a substrate with the image surface 
by projection optics independently for two or more measure points of every was established based on the 
process structure of the exposure side of a substrate, It does not depend on the condition of the 
irregularity of each shot field of a substrate, but there is an advantage which can be exposed by doubling 
each exposure field (shot field) with the image formation side by projection optics in the optimal 
condition. 

[0080] Moreover, where the image of the pattern for focal detection is projected into the exposure field 
by projection optics from an incident light study system It asks for the detecting signal of a 
photoelectrical detection means to correspond, respectively in two or more measure points distributed 
the whole surface in an exposure field by driving a substrate stage and running a substrate. The detecting 
signal of the photoelectrical detection means in two or more measure points when an operation means is 
distributed all over the, and in calculating the offset value for doubling the datum level of the focus on a 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 9/2006 



JP,08-037149,A [DETAILED DESCRIPTION] 



Page 15 of 15 



substrate with the image surface by projection optics independently for two or more measure points of 
every based on the process structure of the exposure side of a substrate The optical system for focal 
detection of an easy configuration is used, and the condition of the irregularity of the whole surface of 
the exposure field of a substrate can be measured quickly. Therefore, there is an advantage which can be 
exposed by doubling the whole surface of the exposure field with the image formation side by projection 
optics in the optimal condition. Moreover, even if the display flatness of the holders (wafer holder etc.) 
of a substrate is bad, there is curvature of a substrate and a foreign matter etc. is between a substrate and 
a holder, the focus error resulting from them can also be prevented. That is, the whole surface of an 
exposure field can be set up in an image formation side, agreement, or the depth of focus. 
[0081] Furthermore, when the flux of light used in case the pattern image for focal detection is projected 
into the exposure field by projection optics from an incident light study system is made into the flux of 
light which has the bandwidth of lOOnm or more, there is an advantage by which the bad influence of 
thin film interference with the sensitive material on a photosensitive substrate (photoresist etc.) is 
mitigated. Furthermore, although the flux of light may be scattered about for it or diffracted by the edge 
section of the irregularity on the substrate etc., when the flux of light of a broadband is used, even if the 
flux of light of specific wavelength becomes weak, there will be an advantage which can obtain a 
detecting signal with an SN ratio good as a whole. 

[0082] Moreover, when the optical filter for carrying out entropy of the wavelength sensibility property 
of the flux of light used in case the pattern image for focal detection is projected on the optical path to 
[ out of an incident light study system ] two or more photoelectrical detection means has been arranged 
and the flux of light of a broadband is used, flattening of the intensity distribution over the wavelength 
of the detecting signal outputted from these photoelectrical detection means is carried out mostly. 
Therefore, height distribution of the exposure side of a substrate can be measured correctly, without 
being especially influenced by the light of predetermined wavelength. 

[0083] Next, when an operation means amends the desired value according to the height of the image 
formation side by projection optics using the offset value independently calculated for two or more 
measure points of every, focusing and leveling can be performed with high precision by performing a 
closed loop control with which the desired value after this amendment and the detecting signal actually 
obtained agree. 
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[Procedure revision] 

[Filing Date] March 26, Heisei 14 (2002. 3.26) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] f . . , . . 

rClaim 1 1 Projection optics which projects a mask pattern on a photosensitive substrate, 

The substrate stage which holds said substrate and positions said substrate in a flat surface perpendicular 

to the optical axis of said projection optics, 

The focal leveling stage which adjusts the height of the tilt angle of said substrate, and the direction ot 
an optical axis of said projection optics of said substrate, 

The incident light study system which projects the image of the pattern for focal detection aslant to the 
optical axis of said projection optics using a nonphotosensitivity light to said photosensitive substrate on 
the measure point of the plurality in the exposure field by said projection optics, 
Light-receiving optical system which condenses the reflected light from said two or more measure 
JSI3 caries out re-image formation of the image of the pattern for the focal detection on said two 
or more measure points, . A . « 

Two or more photoelectrical detection means to generate the detecting signal corresponding to each 
amount of strike slips of two or more images in which re-image formation was earned out by this hght- 

mATproSon aHgSJ which has the control means which controls actuation of said focal leveling 
stage based on the detecting signal from these two or more photoelectrical detection means, 
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The projection aligner characterized by establishing an operation means to calculate the offset value for 
doubling the datum level of the focus on said substrate with the image surface by said projection optics 
independently for said two or more measure points of every, based on the process structure of each 
detecting signal of said photoelectrical detection means corresponding to said two or more measure 
points, and the exposure side of said substrate. 

[Claim 2] It asks for the detecting signal of said photoelectrical detection means to correspond, 
respectively in two or more measure points distributed the whole surface in said exposure field, by 
driving said substrate stage and running said substrate, where the image of the pattern for said focal 
detection is projected into the exposure field by said projection optics from said incident light study 
system, 

Said operation means is a projection aligner according to claim 1 characterized by calculating the offset 
value for doubling the datum level of the focus on said substrate with the image surface by said 
projection optics independently for said two or more measure points of every based on the process 
structure of the detecting signal of said photoelectrical detection means in two or more measure points 
distributed all over said, and the exposure side of said substrate. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light used 
in case the image of the pattern for said focal detection is projected into the exposure field by said 
projection optics from said incident light study system into the flux of light which has the bandwidth of 
1 OOnm or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical 
filter for carrying out entropy of the wavelength sensibility property of the flux of light used on the 
optical path to [ out of said incident light study system ] said two or more photoelectrical detection 
means in case the image of the pattern for said focal detection is projected into the exposure field by said 
projection optics from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized by 
amending the desired value according to the height of the image formation side by said projection optics 
using the offset value independently calculated for said two or more measure points of every. 
[Claim 6] The datum level of the focus on said substrate is a projection aligner given in any 1 term of 
claims 1-5 characterized by including the field where a pattern with the narrowest line breadth is 
exposed among said mask patterns. 

[Claim 7] Said operation means is a projection aligner given in any 1 term of claims 1-6 characterized by 
calculating independently the 2nd [ according to the image formation property of said projection optics ] 
offset value for said two or more measure points of every. 

[Claim 8] By scanning the shot field on said substrate to said two or more measure points, said operation 
means is a projection aligner given in any 1 term of claims 1-7 characterized by calculating the offset 
value for doubling with the image surface searching for the concavo-convex distribution in said shot 
field, and according the datum level of the focus on said substrate to said projection optics independently 
said two or more whole measure points based on said concavo-convex distribution. 

[Claim 9] Said operation means is a projection aligner according to claim 8 characterized by memorizing 
the deflection of the image formation side of said projection optics, and the run side of said substrate 
stage, adding this amount of deflection, and searching for said concavo-convex distribution. 



[Translation done.] 



http://ww4.ipdl.ncipi.go j^^^ 12/19/2006 



<i9)r*hmww (j p) (12) ^ ^ i|# 1^ ^ ^ (a) mmmtawxamm^ 

#^¥8-37149 

(43)&PBB ¥^c8*P(1996) 2 ^6B 



(51) IntCl. 0 




F I 




H 0 1 L 21/027 








G0 3B 27/32 


F 






G 0 3 F 7/207 


H 










HO 1 L 


21/ 30 5 2 6 B 








*M* 5 OL (£ 17 H) 


(21)ffl»## 


*IK¥7 -72874 


(7DUBA 


000004112 










\LL) (Dim P 


-t*px i t uwo; o / j p 










(72)^W# 




(31>«jte»£3ft3Mt 


ftia¥6- 103847 






(32)«ft0 


^6 (1994) 5^180 






(33)«*f8£5BB 


0* (J P) 


(74)ftJSA 





(54) mmm&m mtwmm. 



(57) [BUM 

IHJdh^fli^i&So 0U if/ 4 0 BtC»&il 

. B*»*fcLfcfiiioawoai& cz. -z» ) *7 

— 0 B^S^Itlfil'4 2(c£»£n3 0 




(2) 

1 

unmi i ] - y*asjwto««±KfiK 

[tt&R 2 ] iHEJJlWJte^Sfr B (IWBlSWJt^K <fc 

n&c tic*. wimmKffii&ftv^Mfcfttttzm®. 

zmc&mzn&ftM*^ i o o n mtur-ow**** 
*jfi ic ct § wtswrt t f iia^tt ffiffl 



WDB¥ 8 - 3 7 l 4 9 

2 

£lc <fc 5 |SNl9ion$ t£> C fc i tfJSSrffilE-t act* 

» ?si:-r a at$4n. 2, 3 xw: 4 mw.?>®%nyt% 

ilo 

[RB]<Dftllli&.Wfl] 
[0 001] 

[0 0 0 2] 

TtfflfSWytk UTK53 6 5 n m<D i ISffl^fttiCT 
fc, ±0. 7jtmfflS©»*l/3W»6nftt^03&'WKl? 

[0003] c®J;aK:i£if«3ttSW^aBTM»K*faa 

6*3tiMR±©*afw* (*>a v mw)' 

*a#ffico¥ffltt (HPS, fiSrift, RtffiWB^^'J^ 

[0 0 0 4] CCOctot^»«±^10CD'>3-y MS 

T, ^PflBS 5 8- 1 13 7 0 6 ^fg, t$ffiHa 55-1 
3 4 8^ffi5fCMT^n/£Sffi^3iP6nTl/^o fift 
f^SSBS 5 5-13 4 8 #4«Bl»lilft»3t**ft^U'r* 

[0 0 0 5] JKfiO*#f**FtStt»fi±t 
50 So tntzlsb. l7tII±©->3yMW©l!!lfl^ 



(3) 

3 

ffi<a$l51tffrfrftT^5 0 fflfcfcf, t$IJB¥2- 1 9 8 1 

3 o ^fljKfc^Tn, ^mmmm-^imm 

'iZ/lriiofuil (7#— *x{ftB) fciJtBU c<D8taMS 

(0/^- yopavfiBofflaHcBH-r s 7 * - # xa 

BO* 7 -fe >y h ffifc #46 5 fft'fi !l$Hl/j ffl^Snr 10 
i/>5 0 coSttfli, fO*7t'v htt*&5/a -y Hnl 

«oe>i * 1 3 ^«tt»i^T <d 7 * -a xfeHwitiiiwas 

tc/jnx. 5 c t K i 9 , ~> a -y h ffitt,ft<DW{h%%tit L fc 

wmi * 7 * - a x a m tfflu ■£ n & „ 

[0 0 0 6] 

bwhmh* u^n am] i-.a5« * ? t 

H-MjSTW-M 2 tifc 7 * - * xffiB*¥^b-r * c t K 

frLfttfS, 3«lB»c{i<S0feS1fitf>&*>3 -y MN*0>B% 20 
iBOHiawttffitt, 7*a-feX#fji (/^-xoEB^S 

*-*XffiB*¥^b-r«^»tTfcl:, &^a -y 
T^WftBiofl^&niBKsRi&S Ji fcttT?#ft<#\> * © 
/ci6, glftT'n-feXfc.fcoT, *MHSJ:.£ | )^->3 'V h 
B«rt<0/^->^iBB J f , SM^!b < S{b1"5 ft~>a 

[0 0 0 7] fci/3yh*B©¥iS«ftiii*l8» 30 
BfeB«tfBov^-ytfB3tt*n*B«*B*WJc^ 

feofc 0 *»WttWr*»*jaK**» ®)tS^#->3'y 
hBBOHBOJKBKttfc-f. &~>3 ~y hBttfcBBfc 

o C t ft^T'f Sfi»B3t«B*S«-r SCfc*ittfct 

[0 0 0 8] 40 

Btt. vx^W-> (R) SSJtttoS* (W) ±tc 
8W*S«Bit¥* (PL) fc, *©»R*«8LT« 
(PL) (DftM (AX) (cSil^^lfirtT'^ 
««<^<iZB$ft£ff9SfiXT--7 (2 1) ^cD» 
«0«HflRtf*OS«0«»it** (PL) ©ftttfi 

(20) fc, *©«*ttoaifitc»LT3fai3tttt©)ieft 

ffl^T, (PL) ©fttt (AX) fcttLTB 

*tfi»ite¥36 (PL) fc«fcSSftB# (SA) l*l©*fi 5( 



Wf8-3 7 1 4 9 

4 

R0tTffij& (P l~P5) tc^M^tBfflW^->^» 

(st) «swi-*«»>t¥* d~6) fc, *ne« 

(7-10) i:o!a-)te3fc¥&£«fcD BIBBS nfc» 

-rs*aa))t«tta?ift (is, i3. 1 7) cn 

6ffl»OJWB*m^ 1 Sft , 6®*W«^ (F S a~F S 
e) (cJS-3VT7*-#7 ■ l^'J VfTsT—V (2 
0) Oftf¥%»Wr**«i#a (3 0, 1 8) t. *M 

#r*Jt*Ba#«0*fflflra. &tfis« cw) 

0i$g (4 0B) %19»)t^3fi (PL) tCct^^fffi 
(4 2) lc^t'-ti:iiiyfc46(D4-7-tr > y hffi^*46?>SW 

¥S (3 0B) ^iaitfctWC'feSo 
[0 0 0 9] CCQili^ *©«M*3tt**fr6«»3tt** 

(PD K«fcsB)tB« (sa) nK.*v>%mmiV> 

i\9-V<r)m (ST) ^SUbfc^T\ l«xf->* 
(2 1) *B»LT^« (W) ^^^■tir^.CktcJ;'?, 

Bftsttt (sa) rt(o^Bst^'r5*»<ow-BjS-p ; e 
n€nJi)S'r?>)^i^tt , .^s^tii{a^^*46> 

P3 (3 0B) fi, ^CD^ffitC^-rS^SJCOI+iW^T'^ 

{C^OS1g±<D^oa*ffi (4 0B) 
(PL) (cJ:«tSttiB (4 2) E^*>«i&Ofcai>o*7 

[0 0 10] Sfc. *©«a«tt¥*#6SIB}te** (P 
L) t±5«3ttlS« (SA) 

o<i (st) %a»-rsBt«!ffl«n5)t« (i d 
*, i o o nmutoftmmz&tzKnttzzttf 

^ (PL) t**By6««rtfc*jS*HlfflO/^-V 

<o» (st) ^^i5-r?)Kic^ffl?n§7 1 d^iSfi^s 
^^-mitt^tzibn^my^ )iz (6 0) £ies 

[ooi i] M(c, »*^a (3 ob) tt, ztobmm. 

fiKJt^* (PL) tciSISffffl (4 2) oa^tcfGC 
fcl«B*«|jE-«-5c: t^SS Lv\ 
[0 0 12] 

[ftffl ] Wr *» 5 «t tl tf , x. tfH 8 ( a ) fc ^ 

•ti^K, sis (w> hn^ft^-^^mimWi 
(Dmmmm& (p 1 ~p 5) ticmtitiuamo/w- 

(F S a~F S e) *^««m#® (fiW*tfH7©7U 



(4) 

5 

js-rsan«jSi<D7*-*x(fl[Bi cn^^z, ~z. t 

[0 0 13] L*»U »C(i> 1118 (a) K^f <fc? 

t, ffltK (w) «o»>tiffiic{itn*TO«Jtrfii¥t«k 
0iu]tficD&£>^-7jWfM£ftT ^5 s 

y^ajtsnsifi (M^tfMiziiVJ: »>«A,/swe**«: 

tWott^) ^rifii (4 OB) t?Zt> COffi 
(4 0 B) £Mf»ifti (4 2) K&trttSCfctfSSL 
t\, CORK, 0tl*.atHMjA (P3) TtHHSftfcflWl 
(7*-#xfig) tfiSfc'hS^c^frb, * 
OfHWK (P 3) (4 o B) ..tfcfesc htffrfr 
3„ f-Wffi (4 OB) &)S#i (W) ±.<D£m<D 

tpffi(4 0B) tffltoajtjB (4 0 A, 4 0C) fcOJS 

?<oi» (z.-z. )'Ki*iS-rsttajfi^*fl!i«)ttaiJ 20 

;S(P1, P2, P4, P 5) X°<D*y-tv hifatt 

%o ftMj£ (P3) ■e<o*7-b-y mao-efe 
[0014] *<o&, w*tfni«Kttm«nfe*tafi^ 

TfWVJV?*fi5£* H8 (b) {C/T<-r<i9fC> a* 

ffi (4 ob) tf&mm (42) {c^$n5 0 & 
is (w) ±o««ojh-WjS[ (p i~P5) wmzms 
e/T-r«k^t, si-xeuM (sa) »Bffttft*±fcie*ij 
snTv^«±^4JtdKi4, ^-ne>a+?»j^ (p i~p 30 

(W) £fifrSl?J|fi] CX/Jr6]) icfcMtZctlc&t), Z 
<r>nftffl& (sa) co(it££iBK»ffi1-3Itffi£T*(D& 

tti«W#P>n3o ^t, •tWR^W (SA) <Q£ 
#oaffiOBfSO»» (Wittf w ^ - y 

^Ct^T'tl.. 40 

[0015] ^<Dfr$y&tfi^u yy^fWcfe 

<0#KStf)ffi<Dffi|li. (N*.l£B8 (a) fcfcVT, JfrfSfc 

T, »ffl (4 0 B) frbffitDiffi (4 0 A, 4 0C)^\ 
(Z» -Z. ) KJ6i;ft*7"fe'yH** 
C <D'*7 -fe -y h m*%ii%ffi (42) (DBS S KB I* fc 
^!:f,ffi^-0 U^Ut/WW-r 5 C t T<fc€><, C OftlllHSS 

itwiS'rsffittaai'p^-fidftBB (4 2 a) t&^o 

fct\ W*.tf«/hS*i££J:»>, (P i~P 

5) O^tMs^^ili (4 2 A) £>&tttft# 50 



W8-3 7 14 9 

6 

^l'J>{c^5J;oKJ«tti (w) OHSiMWrscfcfc 
J: 9, H8 (b) |c>jVr«fc$fc, SnSffii (4 0B) /)*3I 

RotSfliBi (4 2) K^r*R$ns 0 

[0 0 16] Sfc, *©S«y£i|Sifi*»&fi»)t*IR (P 
L) lcJ:«ttX1fiK (SA) rt(c*M^tBfflcD^?-y 

<o« (st) *«sB-rsiSfi:fidffl*ns)tift (i d 
^> i o o n muttomimzG+zytxt l/c^, 
imvtonm (w) tommn (7*hus>xM» 

Ott«)t¥3fiA^6«aB**» (PL) fc«fc*»)flB«rt 

KMStttbfflo^*-><o« (st) 

yj)M (6 0) *EBLfc4tefctt* MUStttDfflOii 

Hfl^coiSfifsw^-jfiafKfi^jx.tfia 1 5 (a) <D«ka 

^^.cfc-^K, ZOft^ifty 4 k$ (6 0) (D^ji^^fli 
«rt»J*{fHl 5 (b) <D £ 9 K^tt 5 ^ 

(d) tC^-T^oKTOK^i.o fcT, ^OjfiS<D 
[0 0 17] 

nWSSLtott. m->^%^7sYy^-ts7M ■ CB 
(fjB) ^iffitSTTL (x;l/--+f • U^X) 77iC<D 

^wtasLfcfise^^p LotUAxti, u^7^r 

¥ff fc Z M^S? 0 , Z HKfiitfc TffirtTfB 1 ©IKffifc 
[0 0 18] mm^P KDTfilCli, y*YWJ7, 

-S/"20tf, XYXf- i/'2 l±{cRtt6tlTV^5. Z 
• U^U >7*Xf— 7 2 Oti, ^x^W^^WAXTflo) 
fc^'>« (^Jx.{f± 1 0 0 (imttrt) f£it^il5-a:T7 

TK'J >^%fT9o */c> XYXf— -72 U±^X/n 
W^y^ffl A X 1 X Y ¥ffi^T' 2 ^TtSftS-SS fe 
(OX'tb*), XYXf— 7*2 l<DX7*lfilfttfY7ilRl©ffittl 

[0 0 1 9] Etc, Z • U"*'J 77"Xf — 72 0C0±ffi 
tcti, 7X/%W©aSi;(i(flf U^GigT'gipv- 

ti, ^2 (a) tC^-f«fcd{C*ft€ftX#|SjtCfftffcffl 



(5) 

7 

WOiliMXl) -v h*Y/jHflfc:-v£lf i yf-"PIBBLfc 
«DX'J 7 FV-* I S y Y/jlnltCffQ'/c^Sfc* 

<oj8i@gaxu -y f * x t^k.-ts. m v *x*&m btzmm 

CDXU 'V FT- -7 1 Sxt X/jlril&O'Y/jrnlCD-^^t 
#LT 4 5° fcftSfilrflfcj^JCtttffcX'J -V FT-- 7 
[ S a fcjWBfiRSttTV**. CtlbOX U 7 F I 
Sx, ISy, I S att, £3S«C>&ipv-*ffiFM£> 
M^iffi^^aAlf (j§ft/S) *ai#U feign/] ffl 

[0 0 2 0] 01 Kg 0 . M^V-^ttiF M«T/j C Z 10 

BHWfflWHi U y X* 5 0 , &D*)fc7 7 Y 5 1 cofrttHffi 

±CQX ij-yhv-yl Sx, 1 S y , I S a %ttfc§HI] 
frfcBHWTS. ft77-l , ^-5 l ©AJMMfcH: K-A 
X7U 7 £ 5 2ftmfht\, ]yyX%5 3%ftLXMft. 

mmwfti e^77^/^-5 i Kwxsnso 

[0 0 2 1] «^U>X5 OtciSS^V-^M 

oflMlOMWittOlBP* (N. A. ) ^tt^bvX'S 0 
/)^S*v— ffiFM^OBBWJtWMna (N. A. ) 
t£($tf-g(£i±£©T*&3o ST., CO«k?*fll/£ 

7-*«FM±OX'J7 FV-£ I S x, ISy, IS 
a frfcttBHBit^JR P L^\«t8flBtJlltf»tt*. 
0 l^fe^T, Z- U^U VfKT—VZ OcDftttAX 

TifatDimn, sot^^p Lo«^*si»ffi ivi-th 

SffitfttBT s i $ tc^s nr ^ 5 fc O fc 1 5 D d CD 

tzmm^-tfaF M±o-jS*»6a*Lfc«)tJttL 1 

ttfi»3t^PLO«iBEP«^*ii*). U?-*;FR 

6fll3^K T^-f n/cffi F r flT&ft L 
fct£fc:£fRU l>^/l/RW^#-V®T'EWLTfrl=> 40 
n^ftS&SrM&o ::TfflFrli, JSIyft^P Licl 

P L tfPSfllr U-br y h U 'y ??6Tfc5 1 , »P 
V-£1£FM<7)X'J y Fv— -y- I S x, ISy, ISa 
Uf-^/l/RcOTfB (A^-^ffi) TIE 
gWLTHtfX'Jf K-»ISx, ISy, I Sat 

[0 0 2 2] ffiU 0 1 W±oJC»*T-^fiFM^te 
ISFo*^fnT^5t, FM±Ktt» 
X'J -y FV-^ I S x, ISy, IS aOffttfcRStft 50 



<NfH¥ 8-37149 

8 

jWFMSn, * g F M^gifgiiB F o t—$iLX 

i^Sfctli, iffl'F r tUf-^;l/Rfl)/<*->iBi:-*f 
6C£t;:&f3, »ipv-*«FM±fctt»^yy Fv- 
7lSx, 1 S y, IS aO«> + -7 , ftfi»«#WF 

no v- * (c fRM l t jims ns c t ic & s„ m z 

( b ) liJiPPv-^ F MA , t7 t—fiT. LTV5 1 1 
<DXU7 F-7-7 I S x ^©Sttft I Mx fc<DM{f£ 

P L T1+. , C £7) i 9 St'tff IMxIiS #©iS 

r-fts^'J -y hv-7i sx .tK«w*nSo ^UTffi 

nev-^^FM^^t-^XLT^^i:, gfrtff I M 
xtts XU -y F-7-^7 1 S xaJfrWrtl*.* 

[0 0 2 3] ^CT?fit(iT-*«FM±te-p*SS»» 
£09^, /cOX'J y Fv-y 1 S x, ISy, I Sat- 

X5 0^)>Lt)t77'l'^-5 UCaSt, ^77^ 
5 1^6WHiSnfc3t**t-AX7 , y < y^5 2, l/V 
X£5 4^^>LT) l cW-tr>'-9-5 5TS^1"So ^W-t^ 
+1-5 5(D%Kmt®&ft¥%P L£DBE 

j£) E P 4:ttlf«a4ffiBK:BBSnTir^*. 0 l 
fiJUcfcl^Tti, z • b^U y #7.7—2 2 0^±"F75lS] 

[0 0 2 4] H3 (a) Rtf (b) tt*n-eM}fc*fe>' 

Z • 0£DZ7?(Sl(7)ffiH, SP^S* 

•7--7|6FM(D-> l nttAX7^[&)OiS$f4H%a-ro Sfc, 
03 (a) teXU -y Fv-y ISx, ISy, I S atf 
Uf - ^ )\> R o^ ^ - ym\H<D *f aLfflftic&flL&Ztirc 

03 (b) ti^ft^X'Jy F 

pAg)5>j-ti:0. 3-0. 5 /xmSJtOW^T'^X (5 

LftW h , tj'^ xgp^T'CDSW^fi^^^ i: ^ 9 c 
ttt*^©T», 0 3 (b) <7)<t9(c<I^U^;l/i:bTti 
j^ftO'hS < ftSJb^ ^^XgPTi-T't^Hitinl^T-* 
So £/c, -ISfcllT/^XiyjgfflOP^^^ti, 
->S)t7b^^fc46^, X'J-y Fv-^7 I Sx, IS 
y,. I S a<D±X<Dm®.Bm' i l'?-t>\"W-y*<»fi 

[0 0 2 5] fpjncOil^-icLS, lf-7-7fFM<DS 
BSA^M AftSfftSO F o%raScto(C7 , cttAX©73rS]{-^ 

mznzt. z Tift ©tea z» r-tb+jfi^-K sob^u 

*m*«fc*5o ?*EoT, Z • ^'Jyy*7,f-72 0 
© Z 7^r&]£0{u£K t tB73ft^ K S t &Httf=tHM l^- tB7D 



(6) 

9 

f8'# K S CO U^;U# H* fcftofcttWZ '/j|M]cOffiH^ 

*ta-r* c t i&smim f 0 ©(m**** o , l*p 

»ifflFo<DttHJtfnJf£i:4So tHoT, U?-*/URtftx 

P L WftlfttlHK ■£ -y F £ JVC £ a. t, *tltf , I 
T? t ttBMSrt Ofl:iW>ttHTl6W7 * - * XffiK 
IsUSflRifiFo) tfttffl-C**. SfcfciE'Sft.fcStc 
U^;URCQ^ni,JiBO. 3-0. 5jimJ¥T*fcD, 

c «t o T<t i;s«fiis«ffi f o <D&mmmi, 

(0. 3-0. 5) x (1/5) 2 , Hn^O. 0 1 2~ 

o. o2/imi:^o, cnimt^mm?-2%m?& 

[0 0 2 6] #»Cg|4 *#!HLT*^fifi0>JO^A«)t^ 
C0AF& (&M/.lMti&) to^T«Wr*«', CC 

BueasMRp Lo«ai?taiPrto*»aDfffc, 7xmw<q 

^Wl^rSjcoffiH-rn (ffiSHiuS'fn) «rtHM-r«8N£Mi 
^r.W/'ctcoT'feSo EHtcfc^T, 7x/\W±cD7* 
F U-^X hfcWLT#»3fctt4)!HH3fc I L BX'J y Fffi 20 
l%BaW-T5. fLtXiJ'y MglcDX'J-y FSrilofc 
ftB, U>X&2, =7-3, 150 4, JgJtfflWttU^ 
X5, &y~7-6^^UT'>XMW^f4i6(c^-r 

IgttiSF QKh^t, X'J -y ME 1 ©X'J -y KDflfctfU 
V X& 2 , &tf U > X 5 K £ o T 7 X/ n WCDSffiK 

e»*nSo tit. imuyX5<DKmt<yx.s\mfat 
(Dnm^s- 1 2° tfti^Kwearft, xu-yFisitox 

'J -y M*£>ifMi, S»**»P LCDftWlAX#7x/N 
WtJSH-rs^tffiBTSo 30 
[0 0 2 7] £T, ^XAWefiWSnftX'J-yUlO 
ftSB, 55-7, S*ffl«HjU>X8, U>X&9, 
Sift 5 7-1 0, StfTOWS (ru-y/^UW 
1 2^LTMXU7Hl 4±(CX'J-y Mi%S 
JStt-tSo IfiKl 5 7- 1 0 BSftfflX 'J <y MS 1 4 ±(c 
T'tSX'J >y M*«\ ^tofi^/jfa fcifi£f 
'HlSjS-ea&cDT-SO, 7l/-y^7l/;H 2 BX'J 
•yFfil 4±tDXU'yFt, 7X/\Wfre><DJgflfiteK:J: 
5XU y FttOfiiW&fcOtBWHfifcfc, X'J -y FOfi 

Ttg»)57-1 OttRStt (OSC) 1 6fr6<D|g®]<S 

^■e Kv-r^sns s^-Kiftas (m- drv) iik 

[0 0 2 8] X'J-y MfsA^ftfflX'J-y MS 

1 4 tTlBirf Sfc, X'J-vMgl 4 fciSiiL fcjfcsfc 
B, 7Wt>*-l 5T?SJtt$n5 0 dcOTU-T-by 
•9-- 1 5 ti, XU-yMSl 4C0XU -y hcDS^Tilol^fa 

• 7* h^*-KX(47* F h^VS^SWffifflJ* 50 



¥fffl¥ 8-37149 

10 

•bu^^-@Ki 3*fti/caiR, xa^u-^fk«n 
t, ^imtttt@cs (psd) 1 7Kflwe«n%o 

R8ft$lHlS8i 7 KB, jfiMl 6^P>cDMS^i:l5|C 

[0 0 2 9] CCDfct, PW^ffililSSl 7tt7Wty 

*©&*«HtfjflMIF Stt±*J»a--y F (MCU) 3 
OfcflU&SftS. &*WfcttJ*rtS# F SB, F/r§fS#-7" 
<S*t £: f tf n, Sftffl X U y MS 1 4COXU -y F 
7x/nWA^coSWX'J -y F^cOtSI/j^oil^-ab/'c 
i: f tc^ U^;U i: ft 0 , 7 x/ nw*^o«»*^±>j fc 
^fu L,Ti>§ t tttiEO 7XMW*TOfc^(fi 

£f F S*^U^KCft?>tt<D7x/NWOS) 1 £ffi (fl^Jx. 

ti» coi5^es^^i:tT^ai$n?.o fit, 
9tLftt&cmmtimvu ifrwweuMj&mv s 

iiFo 4:tt«HH3IWf*K:tt/j-*r*J: , 3Ki»S« 

(ift^o f-ce, 0 4*coX^-yA7U;H zttU 
'0=L=.y F 3 0t±*WII«)fe4:-e«ttT, (MSWftS 
«¥E£ftWAX£|oHc^{4$-£3C£:T\ ^©fiSW* 
S*Pifif:fllfie«iiFoi:©-a (XtifiSIB^co^ 

[0 0 3 0] $/c, ±»IWa--y F 3 0B, 0 1 OtM 
-t>+)— 5 5fr5><DttttKg*|K S^A^LT, ^AftW 

f s ei'j^T z • ^'jyyxf->*2 
o<Dmmm*:-$ 1 9 ^igKj-r^igsjgp (z-drv) 

1 8'\|g^{§^DS£ttJ/TrS$Sf& MXYXf->* 

2 l%ffi®j-ri»/'c46cOSiS|gp (^-^t^co$ijffll|i]?Si: 

[0 0 3 1] 05B, BUBJt*3RP LOft»1SSI f 

t, ^AF^^b<oxU'y \-msT t<D&.mm&%v 

»<CaKJn5'>3 7 FMfiltS AB, ^-ORJgrtt^* 
tiSSHBfcftoTVSo X'J -y FftS TB, XYXr- 

^'2 1 ©a«*«tt , et**x*iat;YWo*n j ent 

WLT 4 5° @JtffittT7X/NW±U:$:&Sft£o fi£o 

t, mtmtm u >x 5 & t;s)tffl w» u v x 8 



(7) 
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■Ml A F xWXMW'xcOMiiBti. XU -y b($S T tiflSS 
LfcfilnllCtttfT^S. MtC> X U ^ M» S T ©ipifr 

cDck?&#t$?\ XU-vh#STti, ->3'VhlMSA 

rt?ai** Etta < Wtfs «k -9 tfflffisn*. 

[0 0 3 2] -WOa •> hiifiteiS AKti, *nt"M) 

tf&T' 2 /x mfct±©»gtf £ CSCttfeSo X U >y b 
(i S T fl<D Z<D%mz. X -7 v-Y 7 7^ >7bMuK^" § A' 
{i . g2st±© S' a 'V b EMf» 3 7hrt«f7^YX 
^JcoTY'toftfrScDT', XU -v bf&S TcDgf-zifa 
Offi^^^b^SW^IylSS^^-^s X(±X^7 20 
Y 7 v V <F>ntifr 6 ©SWAT'S 5 ©frttBHT § 

[0 0 3 3] 06ti, SJtfflX'Jv Mgl 4t7W-b 

T, X'J-vbMl 4fi^5XS«±fc^aA« 0B« 

ftXU-y hftJBisELfefeOTfcS. COXU^MSI 4 
«\ «j|7l/-il 4A±£B£U C(DimyU~L 
14 A*, 7W-b>-t- 1 5?:«ft? 1 -b757^X 
^/'jyMIl 5 A±KfWAtf*HjS<OteC%ffl^ 30 
TH^-TSo CWcioT, X'J v bffil 4C3XU-V b 

fcftoT!B«SnS. CtfUotXU -y MR 1 4 fcTU 

isyXfrMtf, xy7Mi 4£7i^-fey-t)--i 5 

fcX'J 7 bliS T<D7x^W±Td>S£t;fc, tSUffii? 1 
f ©OtfSfc iottlft^, BHBit^JR P L 
1/5 T\ *8»lSifI f <DM£.tf3 2mmffi& 40 

T**5JS&, *(Dffl&®m 1 f COlfi'fiO 1 «~ 1 /3fg 

[0 0 3 4] ST, 0 7ti, 7W 1 5, 
^^-IllSSl 3, RfW^MSSl 7, &0*±$Wa-7 
b 3 O©Rft«*BIWIlJ«O-0H**L, C©H7tefe 
l,>T, -bb^^-lHlifS 1 3{i5ffl<D-bU^3?-IeIK 1 3 
A~ 1 3 E <fc DtMSfU POIW&i£lHlS& 1 7 t 5fi<0H 
mtfti&®& 1 7 A~ 1 7 EiOMS^S. L 
T, 7Wt^-l 5©£ftHjfr&5 0<D$ r ;l<-7'G 
a~Gel:W> 3 50 
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y'/lz-yCa-Gett, fnfnB5^'Jyh«ST 
Kjft-a fc 5 0<Dr,\m& P 1 ~ P 5 <Dm& CD 7. U 7 b 

1 3 A~ 1 3 EfcfelAT, .ttilW^P 1 ~P 5±©XU 7 
b *33fcB*<0*ttlfflra*3W?'r 4 1 ® 1 * 

[0 0 3 5] HfcWt, H7tfel/^T, 7Wty*- 

WtS&tl* -tU^ 3 AfCioT^neSJtH 

co5»tt«*oa*fi#*HW**HBl 7Af«:ttt&1- 
3 0 4*s, -bU^-PHKl 3 Att, y'^GartO 

STtHasortttiK© 1 o%3iJ?Lr*©W^ft#*iaiJW 

1 7 A£&5«f!&CMttfc, zft<m 

«MI6*fe«*T^»So RtRfc, y;l/-^Gb~G eff© 
SSitii*** 6 <^> W * ffl*t t» * ti ^ n-tr U"? ^ -ass 1 

3 b~ 1 3 Ert»R^n, mmtirz&timtfzti 
ftmmi&mto \ 7 b~ 1 7 E^jnso 

[0 0 3 6] HfflttBGIlB 1 7 A~ 1 7 Ett, *tl^n 

o^f s a~F s e^Hi^-rSo cn^o^isw^fe^ 

F S a~F S efi> F 3 OpJVT-falf/ 

Ti/ZH^m^ (ADC) 3 0 A H-ZtlZtlTi/ZlW 
-^(c3g«?nTffiiEiPtWa53 0 B, Rtf<iM1ttiiSI53 
0Cfc«$g$n?>o ffiiE^»gP3 0Blc«, ajt^o-fe 
X-r-^8Etl»3 0 F ^OS^^x/NOyn-feXftigtc 

iE^»g|53 0 Bti, -tflJfcLT5OC0ttJftHl*^i0 
ffls Bn*,^XM±cD5^T(D7^-*X-fna, SDV 
D-trxlijitcM-rSx-^^tcS^v^T, ^xm±©§ 
tH»J^oz^ifii^ol«lffiB»c*iS?r«**W***!( 

tub, ^co«%<iM^aiaP3 o ctcm^-rso ctD<ig 

^tBgT>3 0Ci±, MIE^SI53 0 Bjfj^cDttiTlfatAD 
C30A*^(D^Ktbylfflfc©liS^ttit, C©teS 

*'>a<-r*«fc9fciiHMB<tD s>&a4coigii]gpi 8fc 
[0037] &ommc mm®mi$3 ocwz, m 

jltilf jE»J|taS3 o B*^©B«i:-r5ttifttt*(a^t 
ADC 3 0 Afr6<D&SW/3«#F S a~F S ei;©(H 
%<D i ft § «fc 5 K . EP^»/Jn g Stefc <t 

sgidgpi 8**"jw-rso cntcfco. z • i^uy 

OOZ^l&l^ffiH, Rtf^ft^SIWSft 
T, 05 cDltiJ^ P 1 - P 5 <0^tt*tti* 3 B&K&& 

[0 0 3 8] a», 05-e«It»J^P 1 ~P 5*M it* 
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\jc am znT^ztctb. » t n & maa h xm w 

©»TXy -v H*S Tt*.ift4ifil»%«if4"S«iHft 
Hi^ft ft WW"*" 5 K ti , ftlb ,1til^ P 1 ~ P 5 ft 2 * 

rmcmm % m *. tr ««©> < * - 

XliilWi^^^^ t^^a -y hfi$S AftX'J 
•y hflft S TfcWLTf^W/i'lnltCiliiSLr, ZCDisa v 

[0 0 3 9] 1*1 7 £431, >T> ,it!tS?H$ 3 0 Did 10 

aatlSnTV»**7H2y Fffili, «IEfa»B£»3 0 Etc 
ioTlffl, WWSnSfe^feO, tJjEtt^gf530 
E tt 5 ^©ttaW^fi^ FSa-FSe, St/^ffi-t > 
V5 5<DmimKS&>), £&AF£<D<KSBWft»£ 
mt^Xh7t- ^XjffiF o fcOfigfc, Jft«W*l±0 

0 E F^tC ti. 5 0CD^?Slii^O ; ?-n?"n(DU'^;b^fg!t 
KS (SI3#!«0 tftlip^Kf^rt^y^y >?-f 6 

[0 0 4 0] d C Til 9 ft#«gLT\ «iEliifc£» 3 0 
EOft#W4««SW*8iW"*-S. 5tfTTL (X/U- • 

• vyX) fi&oMtt? *-#x&ffi&wtm-fey+>- 
-5 5^WtH^i§K Sit, 7tny/f->"?;^ 
88 (ADC) 3 0 0KA*jSn, U"OUfc*tl£ 
Lfcr$>*/mfc«**tlT**y £LT©R AM3 0 
HClBtl^nSc C(DR AM 3 0 1 <D7 KUXll^i, 
A^>* 3 0 4JC«krjTf7t>nS*V 7J7V2 3 0 4CD 
ittS, WADC 3 0 0 CDS^ £ 5 > ytiRft t> ^ P 
•y^x*^-* (CLK) 303M«^P7^^1' 30 
XtRWLTl^. HflMc, 5O0*JStH^fll#F S a 
-FSeOlOtf, iUKX-l'-y^ 0 8ft^tTADC 
3 0 5fc{R*&Sft, CCt?SS«Snfcr^^;HBt±*^ 
y^3 0 7t«toT7KbX^Sn?.R AM 3 0 6tC 
iEttSttSo KoT, RAM3 0 1. 3 0 6tC&> Zft 

=enm\m^ s, &»R?nfc 1 ■oo^sm*^ 

OSJBWtcKftTSaStfWOi&Sn*. ctiB RAM 

301.3 o 6rt©«JBtt, «»»a»3 1 om- 

[0 0 4 1 ] ftfc. iSB«iaa5 3 1 0 tt, R A M 3 0 

i. 3 0 6icmwm^m i o'^tzi6ic, z-u^)y 
1 8 ^ttj^-r* t mc, ^ a f jsosw 

iWjS©tiit:0 Z (a) OX'J7h?-f ISx. is 
y. 1 S aO^L^l^^S/i^il^B 4 ® 
XYXr- ^fflO»aft*2 2-\tB7 L J-r?>o 
[0 0 4 2] El 1 0 (a) 1±> IOO«SBMf FS 
<D£ft1#ttft*U Z • U^U>yxf— ->'2 OftZ^ 
|6lK^Xb7*-*XjBft^ty-^«SHl*lT*?Sa»«)5 5( 
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■tffcttKR AM3 0 6 tttWSnSKJBr-^KWlC 
'<T^o Sfc, [SI l 0 (b) SKR AM3 0 lrt 

,Sft jSiW««:a»fca S /c46, *S«fc 0 fc'h 

[0043]BI9C0RAM301 WtCli, 010 (b) 

KlgftWtf LTW*jStf8&ftfcl$J&T. ft#tf>5„ * 
{C, $S«PP.8P3 1 0«U RAM3 0 6rtC^Ti £ 
ftlSf £ 7 FUX^-Oh ft*#\ C C07 K UXtf'T > 
hKgEtfr£ftT^5«iftW*MI*tF S®U"WA F Sft 
jR465o CCDU^UA F S tt, ^l&tH^fe^ F S ±©« 
^b0^7-t!'y F-WET'&O, 1 0 (a) <D& 

9^^&tH7 L jft^'t^^^A FHk<Dffl&&Vl*. 
HitJ^+A F Stc^^^^fC^cDiiMT-^^x/NSffl 

-^xisjF o t/j^-r s catena. 

[0 0 4 4] E19 0)0SSftf£9 tt(Cl±, 0 

4»XYXf-y*2 lft^ift^iirT, S^v-^tgFM 
J;CDX'J -y h7-^0)WMA F^OSPJ^^l 5 ! 

atott * neaffit 5 * a &g(i * < , ^af %<Dmi£. 

^tXU'y X/3(6jRt>*Y/3l6lf<: 
1 00 ftmwJ«-fnT^Tfe«tV^, SfoT, MAFf 

<D9J)£ BP 5 0 5 fc ^ L X «J -y h & S T rt 

P 1 ~P 5*^*ofcP>, ^•n60ifiil^ft4 , 'L^± 1 

oo(i meawWHT-xy -y h-r- x^ini 
ctummmamtbT>bz^t>\ xy-yh 

(©^KSOSNJtOfiT) ft*S^<)lit?>fc 
tf-^*^<*5ffi^(iHft-9--^t%<i;fe, IS!? 

fflm<Dm&v*7-tv F<i a f s *#»*«: tf^r*"? 

fc§ 0 ^-cD^-7-b-y UtttftflftiljSP 1 ~P 
[0 0 4 5] CWJ;-9(CLT, 0 5 cD^a+iJ^ P 1 ~ P 

5 A^n^n z mx'®&K¥?k ? 1 1 * saa*s«ffi 

©(Sl[ylK&a-r6fctO*iSa*fi#F S a~F S eO 
H. EP%*oaaiB«iB-p©*7-b-y MiB F a ~B F 
e*^*e>n5o 05lcfc^T, iya >y FwSiSS Aft^J 
*fcfX#|BHCXD-y h<fSTtc«LT^*L-C->3-y F 
^isK S A co^ffit Ms* Stti»J^T*ttiSHl^fe#ft** 
SHtt, &itSiJ^T'W^-7-b«y Ffati^cDi^tcLT 
^i?)/c^7-tr-y MBFa-BF e F*JCD^nA^<lT'* 

5 [0 0 4 6] *Has0IHc43ttS^&tffl)til^ 
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i*i8, m\ u &i?m\ Z*miL 

1 ~ p 5**n?nmwm p Lo«n»«iK:MiS'& 

fc«£r©<*Ktt.*ltt*l F S a~F S e<D«ft, Hr&$J&A 
F SOfiflJWftSViBK: JW*IS«iifio*7-b'v htfl B 
F a~B F ett^AttaiSnrii^StiOffSo ftfc, 

nbt7t-y FfiB F a ~ B F e {JlitfO tcf 5 C £ 
T?£5£>T*, CLf-tfn?)*7-b7 FIKB F a~B F 
ettOfcifiVHTC**. Sfc, XYXf-y2 1%It 10 
L/c^OZ • U^U > 7X7- 72 OOMQtKtlW&yt 

to 

[0 0 4 7] 7tf\ 1*1 1 1 ©Xf7 7l 0 1 ICfel^T. 
X Y X -f - 7£!$® J L T 12] 5 ic mt ct o (C , ttMtt » 

(SfftttgO «7 3 -y hffii&S A<Dfy&ffi%®AM&& 
A F£fr£<DXU «y hffcS T©t8»flPWLtK£IS-f So 
Xf771 0 2fc*^T, XU 7 MiS TCQfp. 

Estate p 3T-5J-- h7*-*x*ff^ 0 bp*., trm 
& p 3 ic wist s ®$l w *i fis*t f s c # aa e« ffi« * 20 

y hfifl B F ctC&SJ^CZ • U^'J y7X7- 7" 

2 O©Z/nS,0»£*»SU CWttlT'Z • U^'J > 
yxf-^2 0*a7^t5, for, cnWftttlH-M 
^T-rssf-z • i/^u yf7,T—. yz owiUS, & 

x£fr 9 ©a, j/3 9h s a rtoiaoo^*^^ 

[0 0 4 8] fib, *3lMl|THiX77 7l 0 2K*5^ 
X X 'J >y F m S T 0»fjL»OtHi^ P 3 T'tf- F 7 * -ii 
XfcfirSftfcOk:, i/g«y hSUSSArtaJXttifittKS 30 

V\, g*fc, Ry£7a-feXr-^*ffli > >T*-h7*-* 
X £<7 o ^ t SHIJjS*i*3£"*" 8±5fcLTt>«fcl/\ Sti 
ttffl^P 3TfeSi&Bttft<, £,&A F&OXU v Ffi 

©j£?&oTfc£j£A F3Mc«fcoT*ftftSnS7*-* 

xttBo-fnatf^ottitiMH (s*-7tca:or}*s 

5) *»6Waft»tntf 40 
[0 0 4 9] ^fC, Xf77l0 3t^t, XYXf 
--7 2 l£SB®]LT, H5K7P"TJ:-5tci'3»y h^«S 
A£X 'J y F ft S TO - X #|fi|K ¥1ftM<»ttMIIIMiQ.M 
S B X777l 0 4Ktel^T, XYX 

7-72 l^SKIfjLT, X'J7 F®S TlC*tLTX#fa 
FtTjPSS A&zfefttU lIEiiWIS53 0 Brt<a* 
*'Jfc»*«ffl;W8^F S a~F S efctetfrf 5„ CO 
ffi, X Y XT— 7 2 1 (DmmU b-+f' : 'f »ttK <fc 0 ftffl 

nSffiWcWtE-r 57 K UX(dt#&KtBy7«*f F S a 50 
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~F S e*tt»UTlrH*tfJ:l/\ ?«t> Xf77l0 
5K*Sl#*T, S€»nfe*«m^ffll^FS a-FS e (* 
n^W£yWf^£&oT^£) Kl^^'/'a 7 F 
ffiJal S A rt«7a -b x8£Qtt£&fT o . 
[0 0 5 0] gftfttyc. 118 (a) ti^i/NWJiO^O 
7 HS5«S Art<D#SWrflS*jfcU COttiBlCtt 
ffi£P 1 ~P 5jWK£StlTV*o fcfe, »C«7x 

/\w±£tt:7* FU7xF^w?nTi>5*\ 7* f 

P7XF litlS LT&5o 138 (a) tcfc^T, ££A 

f %<D\&mfetmm 4 1 ±{c : &tt-»i]^ p 1 ~ p 5 tm 

St, W(S-t5tt«m^@^F Sa-FS ei^tl^n 

cOlS3iW&a^iS4 1 frblis&ZU&ftnx^Z&'Dt. 
LTV^o <j7X/NW±fc{±BElca«JHOIal» 

znicfotxzom&itw&t.ft 

oti^o znfcsb, ftttWjSlP l~P 5?f#p>tt5l$ 
KUJ/3fi#*F S a~F S e tt%t, 
\m<n<&*>%<»B{hfcfc\:tc<fat%L-3X^Z> a 
[0 0 51] 0Rf£7x/NW±<Diagfl<D/^-7i£$4 
0A±{CltiJ^P 1. P2^t4HU Ha50^*->1B 
«C4 0 B ±Klt»JMCP 3AM4HL, flfiPO/^-^ISW. 
4 0C±fcttHj£P 4. P 5AMuSLT^5fcOt-r?> 
P 3 T'<D«IKttl77«^ F S cOl^ife^S 
<^5o CM^IfflLT, *HM'lOia7(DffiIE^Wg|5 

3 0 b(£< »«-rsiHijafc:wisi-**»jti*ffl*o* 

»*#*6*CkKJ:D-, »>3 7 HW*0|!3i!!i»*% 
«fe5„ Sfc, ffiIE?a»g|53 0 Btct±, gft7n-tXr 
— ^ SfiMSP 3 0 F^e.7a-bX^JgtcWf57'-^'£>« 

*g$nrv^fe46, siiEia»a53 0 Btt, ±3Sco<t9tc 
jutbrzwaMat. ^(D-fu-txm^tMtmx'oimi 

,-SP l-P5*«ffiBt*^*->1IW4 0A~4 0C* 

[0 0 5 2] cniCj; 1 ?, gl|Atf^^-7lS«4 0A 
-40Ctf, ^*iJ-fe;U85, fflm®$&® 
ffi) , XttX^7^7^^7^0fsin(c«f50^W 
«i|$n5 0 ^/c, ffiiE^*g|53 0B(£, {ttS&^nfcv- 
^J;*)^ §/S£->MSi$4 0 A, 4 0COSMZa » & 

av^->^4 0 bcosmzi %fflMX'2%o cn?> 
<DgMt±7xMwo@K^^— yoisi/^S^^cjss 

[0053] 3Efc, (wiaiitt-rstHBjsnToJs^r- 

T-SaE L fciitll'S^** § C 1 1> T' 1 5 o Xf7 
71 0 6fCfe^T, 73 7 MlSAit^l?^^ 

(a) icts^x, trm&pimmtz'^-yffi®* 



(10) 

17 

0 B ±(C® & MROfttr v < * - y ^JWt $ n 5 O t L 
T, /^->flRK4 0B*^6»tPliii:-r*. fiU ~> 
g»y hiW*SAl*n**Rl£^ (HottJb^ttO /<*-:/ 
fflW (WAtf/^-VfiWUOA) 5&l»l!:t5 

jst-nes*) cisotur, asrn«rj:i\ 

[0 0 5 4] Xr'y7l 0 7lC*3^T, fttiHMS 

P 1 ~P 5fc*tt*tt*Utfjfi#F a~F eCtttS* 
7t7Hia~Ae?;*Jf)5o 0 8 (a) fCfc^T, 10 

Si:, ^KMSfllffiT?** 4 0 B±cD3tiI* 
P 3 KSttSfctttiiflffllf F c fc*tt"**7-fey MIA 
cttOTftS. Sfc. JtWjSPl. P2. P4. P5K 
tett**«Htfjffl*IFa, Fb. Fd. Fe(c*hT3* 
7-tr-yhHAa, Ab, Ad, A e tt, ^n^'n (Z. 
-Z. ) /k^i5 0 

[0 0 5 5]*:, Xr-y 7*1 0 Stcfct^T, MIEiHW 
$30Btt, 0 8 (a) OAfttSftS 4 2 
\^<Dt7-b'y MiB F a~B F etc, Xr-y7l0 7 20 
T'jR&fc^-tr-y MIA a~A e%mWt%> 0 Ctltt, 

0, *<Dfii!W*SM*g«flS4 2 AfCftLT/^-yfl 
$4 0 A~4 0 fcfcftSo 
[0 0 5 6] EP*>, ^7 7* 1 0 9Kfe^T, ttiEft* 
gf!3 0 Btt, <SSW*«filS»iB 4 2 A©«8Hi7]f 

EP^ (BFa + Aa) ~ (BFe + Ae) %M£M 
m*3 0CKtt*Vr*. S/c, <SMI$ftg|53 0C(cttol| 

4 0A~ 4 OCKttlfr* StfcKttiflfe 30 

T\ (iM^(±jai53 0 Ct>\ Z • U"<U >^Xf->*2 0 

T, *7-fe>y Mi (BFa + Aa) ~ (BFe + Ae) 
F a - F e t<D®%<D a*fttf«Vhfcft 
*J:5ftM(lfiW*ttlfrr*. cntcj;0, 08 (b) 
fcjjVriSfc. ill' T- S ^ ^ — > pSts? 4 0 B 

tt, moa^ftifi4 2(c&Srf«. *r>y 

[0 0 5 7] C©i:£, /^-^I«4 0BWWO/O 

->aw 4 o a , 4 o c M9iW>x¥%<vM&m&mci8i 

j£2tlZ£>\ m&<D*7-V?\ 0 7tCt5^T*7-t'y h 
iiA a~A etfi»&RK*ffl*.1#*4:*fctt, flRtt*:* 
7 -try MIA a -A e {Cfi*#lt*ff iX**-Vffl&. 

4 o A, 4 o c tfftUSisagrtK: A 5 «k 3 fc &ftg*Piffi£ 
H»tt±Z7vi^J^>'7 h*^s*aKLTtJ;if^ en 

tt, -ya-v hm^±mt>mmmmcxr>x^mft 

4 0 C &m&M&0Mft lck%&o (c, grJSSWi (/ < 50 
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^-yffi^4 0B) ^^hStttfeJ;^ 
[0 0 5 8] &}3, .l:id<D^SSff>JT'tt0 7 KtkT J: 9 

z tmt § 7v itrfc 5 /c 46, @ ara-cfc 5 aasitffi 4 

2 tc ©MO* 7 -try MI'A a~A efctoJSLT^fco L 
frL&tfb, lS|7(C*5^T'^^ilStH^18^iC^7-t 

•y miE*ffoTfie*a«3 0 c t«iws^a*« 

HA a~A e*&m\m£ J^\, 
[0 0 5 9] '»Ctt, 0 5 0»3 -y h««S A 

3 -y ME«S AO^iBTOIHIO^fliAWHiJSnS. Lfr 
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a -y hnS^S AfcttfflM&tfcBS BK£ilS'£So *® 
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7 f-T' 2 StfcWfc N ffl (B 1 4 Tti N tt 2 5 ) OtWJjft 10 
P 1 1. P 1 2, P7 4*K5gU Cft6lt»bSKl 

^mmKMi Lrtta-r *o«:BBitTa&*o *c t\ 

P?ltfBI7tc^-rJ:?*-feU^^-@Kl 3 A~l 3 E 
fcffll^T, ttl6NflO)t«aaftfll^6 5fij'f"30itt 

ltu^ 0 cw^fiwa^ ais«iS^ 20 

[0 0 7 2] gfc, lftjiS*ffi*ff ^©t, XU 'V h«i£ 
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%f2ttft<Tt £<, HH£*«Wft*7-fe'y hfcffli^S 

tr) <D&%icp%< fcfc l o©tt»|jSi*fije*fttf 
7-fe-y HIA a-Ae^ibSfctttlHWftK^Cltft 

4 t±t is 3 -y h ffi t mmm t 5 «t ? ft*- h 



•ft < i: 1 1 o<Dlt?»I^T'©*7-fe >y h gKft 



[0 0 7 4] Jfcfc, ±a*SSWOB4K*ff*X«*SS 50 



tWK8-3 7 1 4 9 

22 

MIC 7* hU^XhT'ti, AW-T?)7tmt c fc?,»)i ;: P 

iwt f s fc*, * ©)tm* s #ei)tcoti^fc \$.*<j> 

SfceM-f *©!HWil6 1 L t LT 1 0 0 n 

ibMmZftZKMk •9ii$fi»R7^;l/^lcJ; osw^n 

fc, ffij^tf 7 0 0 nm~9 0 0 nmggiDKS^M 
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